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ExTRACT from the Act of Parliament 

concerning the Longitude, made in the 
Fifth Vear of the Reign of his preſent 
J or OP 


HEREAS the Publication of Nautical Almanacs 
conſtructed by proper Perſons, under the Direc- 
tion of the ſaid Commiſhoners, would greatly contribute 
to make the ſaid Lunar Tables more generally uſeful; Be 
it further Enacted, by the Authority aforeſaid, That it 
ſhall and may be lawful to aud for the ſaid Commiſſioners 
to cauſe ſuch Nautical Almanacs, or other uſeful Tables, 
to be conſtructed, and to print, publiſh, and vend, or cauſe 
to be printed, publiſhed, and vended, any Nautical Alma- 
nac or» Almanacs, or other uſeful Table or Tables, 
which they, or the major Part of them, ſhall, from time 
to time, judge neceſſary and uſeful, in order to facilitate 
the Method of diſcovering the Longitude at Sea; any 
Law, Statute, excluſive Privilege, private Charter, or 
other Cuſtom, to the contrary thereof notwithſtanding. 


And be it Enacted, by the Authority aforeſaid, That no 
Perſon or Perſons ſhall print, publiſh, or vend, ot cauſe to 
be printed, publiſhed, or vended, any Nautical Almanac 
or Almanacs, or other Table or Tables conſtructed under 
the Direction of the ſaid Commiſſioners, without being firſt 
Ticenſed by the ſaid Commiſſioners, or the major Part of 
them: And if any Perſon or Perſons not ſo licenſed, or 
not being authorized by the Perſon or Perſons ſo licenſed 
by the ſaid Commiſſioners, ſhall print, publiſh, or vend, 
or cauſe to be printed, publiſhed, or vended, any ſuch 
Nautical Almanac or Almanacs, or other Lable or 
Tables, every ſuch Perſon or Perſons ſhall, for every Copy 
of ſuch Nautical Almanac or Table ſo , pub- 


Pounds; to be recovered by Action of Debt, Bill, Plaint, 
- 1 


— 


ExTRact of an Act for the Repeal of all former 

Acts concerning the Longitude at Sea, except ſo 
much thereof as relates tõ the Appointment and 
Authority of the Commiſſioners thereby conſti- 
tuted, and alſo ſych Clauſes as relate to the con. 
ſtructing, e publiſhing, © vending, ad 


_ © [licenſing of Nautical Almanacs and other uſe- 
ful Tables; and for the; more. effectual Encou- - 
ragement and Reward of ſuch Perſon, and Per- 
Ions as ſhall diſcbver +a; Method for finding the 
fate, or ſhall make uſeful Diſcoveries; in Navi- 
gation; and for the better making Experiments 
felating thereto: Made in the Fourteenth Year 
of the Reign of his preſent Majeſt 7. 


Dr Faacted by the'Kinc's Moſt Excellent Majeſty, by 
D and with the Advice and Conſent of the Lords Spiri- 
tuval and Temporal, and Commons, in this preſent Par- 
liament aſſembled, and by the Authority of the ſame, That 
each and every ef the ſaid recited Acts (ſave and except 
ſuch, Clanſe and Clauſes in each or any of them as relate to 
the Appointment or Authority of all or any of the Com- 
miſſioners thereby reſpectiyely conſtitutẽd, and alſo ſuch 
Clayſe and Clauſes as' relate to the conſttucting, printing, 
. Publiſhing, vending, and Jicenſing of Nautical Almanacs, 
and other uſeful Tables) fhaHl, from and after the Twenty- 
fourth Day of June One thpuſand Seven hundred and Se · 
venty- four, be, and are hereby repealed; . 
And, for a due and ſufficient Eneouragement to any 
Perſon or Perſons who ſhall diſcover any Method or Me- 
| thods for finding the faid Longitude, Be it EnaQed by the 
Authority aforeſaid, That the Firſt Author or Authors, 
Diſcoverer or Diſcoverers, of euch and every ſuch Me- 
thod or Methods, his or their Executors, Adminiſtrators, 
or Aſſigns, ſhall be intitled to and have the Rewards or 
Sums of Money herein-after mentioned; that is to ſay, In 
caſe the Method propoſed ſhall be, by means of a Time- 
keeper, the Principles whereof have not hitherto been 
made public, to the Reward or Sum of Five thouſand 
OO OD 2-3 Fee, 
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Pounds, if ſuch Method determines the ſaid Longltude ta 
One Degree of a great Circle, or Sixty geographical 
Miles; to the Reward or Hum of Seven chow nd Five 
hundred Pounds, if it determines the ſame to Two Thirds 
of that Diſtance; and to the Reward or Sum of Ten 
thouſand Pounds, if ir determines the ſame to One Half 
of the faid Diſtance : Which reſpective Rewards. ſhall be 

due and paid when ſuch Method ſhall have been ſufficiently 
tried by the following Experiments and Voyages to be 
made and performed by ſueh Perſons, and under ſuch Re · 
ſtrictions, as the ſaid Commiſſioners for the Diſcovery of 
Loygitude at Sea reſpectively conſtituted by the above · 
recited Acts, or the major Part ot them, ſhall think fit to 
appoint and direct; (that is to ſay), When and ſo ſoon as 
Two or more Time Keepers of the ſame Conſtruction ſhall 
have been tried at the ſame Time, for the Space of 
Twelve Months, at the Royal Obſervatory at Creenwibh, 
then in Two Voyages round the Iſland of Great Britain, 
| in contrary Directions, and in ſuch other Voyages to dif- 
ferent Climates as the ſaid Commiſſioners ſhall think fit to 
direct and appoint; and after their Return from ſuch 
Voyages, or any of them, for ſuch longer Time, at the 
ſaid Obſervatary, not exceeding Twelve Months, as the 
ſaid Commiſſioners ſhall judge neceſſary; and alſo when 
and ſo ſoon as the ſaid Commiſſioners, or Two- Thirds of 
them at the leaſt, ſhall, after ſuch Experiments and 
Voyages have been made and perfarmed as aforeſaid, have 
declared and determined that ſuch Method is generally 
practicable and uſeful, and ſufficiently exact to determine 
the Longitude at Sea within the Degrees or Limits afore- 
aid, in all Voyages for the Space of. Six Months, (Impedi- 
ments from cloudy and hazy Weather excepted) ; and alſo 
when and ſo ſoon as the Principles and Practice of ſuch 
Method are fully diſcovered and explaiped to the Satisfac- 
tion of the ſaid Commiſſioners, or Two Thirds of them 
at leaſt ; and ſuch Author ax Authors, Diſcoverer or Diſ- 
coverers, ſhall have delivered up and aſſigned over to the 
| ſaid Commiſſioners, for the Uſe of the Public, the abſo- 
lute Property of ſuch Time-keepers as ſhall have been 
Se tried 
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tried by ſuch Experiments and Voyages as aforeſaid, to- 
—— with all Plates, Deſcriptions, Theories and Ex- 


7 * 
-planations belonging or relating” to the fame, and which 
mall contain the Whole of ſuch Diſcovery of the Longi 
tude; and in caſe the Method propoſed ſhall be by 
of improved Solar and Lunar Tables, then and in ſuch 
Caſe the Author or Authors of ſuch improved Solar and 
Lunar Tables, their Executors, Adminiſtrators, or Aſſigns, 
ſhall be intitled to and have the Reward or Sum of Five 
-thouſand Pounds, if fuch Solar and Lunar Tables ſhall 
prove ſufficiently exact to ſhew the Diſtance of the Moon 
from the Sun and Stars in the Heavens within Fifteen ge- 
conds of a Degree, anſwering to about Seven Minutes of 
Longitude, after making an Allowance of Half a Degree 
for the Errors of Obſervation ; and when it ſhall appear 
to the Satisfaction of the ſaid Commiſſioners, or Two 
Thirds af them at leaſt, that ſuch Tables are conſtructed 
intirely upon the Principles of Gravitation laid down by 
Sir Jaac Newton (except vith reſpect to thoſe Elements 
vhich muſt neceſſarily be taken from aſtronomical Obſer- 
vations), and alſo when the Truth of ſuch Tables ſhall have 
- been further confirmed and proved by Compariſon with a 
Series of aſtronomical Obſervations made during a Period 
of Eighteen Years and a Half, which is deemed the Period 
of the Irregularities of the Lunar Motions; which Reward 
ſhall be due and paid, when the ſaid Commiſſioners, or 
Two Thirds of them at leaſt, ſhall have declared and de- 
termined, that ſuch Tables are ſufficiently exact to ſhew 


the Diſtance of the Moon from the Sun and Stars in the 


Heavens, within the Limits above-mentioned ; and alſo 
- when the Author or Authors of ſuch improved Solar and 
Lunar Tables, his or their Executors, Adminiſtrators, or 
Aſſignus, ſhall have delivered up and aſſigned over to the 
-faid Commiſſioners, for the Uſe of the Public, the abſo- 
laute Right and Property to and in the ſame, together with 
the Theory relating thereunto; and in caſe any other Me- 
thod ſhall be propoſed for finding the Longitude at Sea 
| beſides thoſe before · mentioned, that then and in ſuch Caſe 
the Firſt Author or Authors, Niſcoverer or Diſcoverers, of 


EXTRA NT T, Qt. 
any ſuch Method; his or their Executors, Adminiſtrators, 
_ or Aſſigns, ſhall be intitled to and have the Reward or 
Sum of Five thouſand Pounds, if it ſhall determine the 
ſaid Longitude within One Degree of a great Circle or 
Sixty geographical Miles; to the Reward or Sum of Seven 
thouſand Five hundred Pounds, ' it; it: ſhall determine the 
ime to Two Thirds of that Diſtance ; and to the Reward 
or Sum of Ten thouſand Pounds, if it ſhall determine the 
ſame to One Half of the ſame Diſlance; which reſpective 


Rewards ſhall be due and paid, ſo doon as the ſaid: Com- 


miſſioners, or TW-O Thirds of them at leaſt, ſhall, after 
proper Trial have been made by their. Appointment: .and 
Direction, have determined that ſuch Method ſhall be ge- 
nerally practicable and uſeful for finding the Longitude at 
_w_ within the reſpective Limits above-mentioned. - 
And be it further Enacted, by the Authority afarcluid, 
4 That when and ſo ſoon as any ſuch Method or Methods, 
for the Diſcovery of the ſaid Longitude, ſhall be tried, as 
before mentioned, and found practicable and uſeful at 
Sea, and ſufficiently exact to determine the Longitude 
within any of the Degrees or Limits aforeſaid, the ſaid 
Commiſſioners, or Two Thirds of them, ſhall certify the 
' fame, under their Hands and Seals, to the Commiſſioners 
+ of the Navy for the Time being, together with the Name 
or Names of the Perſon or Perſons who. ſhall be the Au- 
\ thor or Authors of ſuch Method or Methods; and upon 
the Receipt of ſuch Certificate, the ſaid Commiſſioners of 
«the Navy are hereby authorized and required to make out a 
Bill or Bills upon the Treafurer of the Navy for the re- 
ſpective Sum or Sums of Money to which the Author or 
Authors of ſuch Propoſal, his or their Executors, Admi- 
niſtrators, or Aſſigns, ſhall be intitled by virtue of this 
Act; which Sum or Sums the. ſaid 'I'reaſurer is hereby 
- required to pay to the ſaid Author or Authors, their Exe- 
cutors, Adminiſtrators, or Aſſigns accordingly, out of any 
Money that may be in his Hands unapplied to the Uſe of 
the Navy, according to the true Intent and Meaning of 
c this Act. 


And 
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And be it farther Enacted, by the Authority aforefaid 
Tnat the ſaid Commiſſioners for the Diſcovery of Lon- 
gitude at Sea, or any Five or more of them, ſhall have 


full Power and Authority to hear and receive any Pro- 
poſal or Propoſals that ſhall be made to them for diſcover- 
g the ſaid Longitude, or for making any other uſeful 


. 


Improvement in Navigation; and in caſe" the ſaid Com- 


miſſioners, or any Five or more of them, ſhall be ſo far 
ſatisfied of the Probability of any ſuch Diſcovery. or Im- 
provement as to think it proper to cauſe Experiments to 
be made thereof, they ſhall certify the ſame, together with 
the Names of the Author or Authors of ſuch Propoſal or 
Propoſals, under their Hands and Seals, to the Commiſ- 
ſioners of the Navy, who are hereby authorized and re- 
quired to make out a Bill or Bills upon the Treaſurer of 


the Navy for any Sum or Sums of Money as the ſaid Com- 


miſſioners for the Diſcovery of Longitude at Sea, or any 
Five or more of them, ſhall think neceſſary for making ſuch 
Experiments; which Sum or 'Sums the Treaſurer af the 
Navy is hereby required to pay immediately to ſuch Perſon 
or Perſons as ſhall be appointed by the ſaid Commiſſioners 
to make thoſe Experiments out of .any Money which ſhall 
be in his the ſaid Treaſurer's Hands unapplied as afore- 
ſaid, ' 

And be it further Enacted, by the Authority aforeſaid, 
That if any Perſon or Perſons ſhall make any Diſcovery 
for finding the Longitude at Sea, which, though not of 
ſo great Uſe as to be intitled to any of the great Rewards 
above ſpecified, ſhall nevertheleſs be adjudged by the ſaid 
Commiſſioners for the Diſcovery of Longitude at Sea, or 
the major Part of them, to be of conſiderable Uſe to the 
Pablic, or ſhall make any other Diſcovery or Diſcoveries, 
Improvement or Improvements, uſeful to Navigation ; then, 
and in ſuch Caſe, ſuch Perſon or Perſons, his or their Exe- 
cutors, Adminiſtrators, or Aſſigns, ſhall, from time to time, 
have and receive ſuch leſs Reward or Sum or Sums of 
Money as the ſaid Commiſſioners, or the major Part of 
them, ſhall think reaſonable; and certify accordingly, 
- under their Hands and Seals, to the Commiſſioners of the 
Navy, 
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Navy, who are hereby authorized: and required to make 
out 2 Bill or Bills upon the Treaſurer of the Navy for any 
ſuch Sum or Sums of Money, which the ſaid Treaſurer is 
hereby authorized and required to pay immediately to ſuch 
Perſon or Perſons, his or their Executors, Adminiſtrator 
or Aſſigns, out of any. Money that ſhall be in his the. ſaid 

Treaſurer's Hands unapplied as aforeſaid, 
Provided alſo, and it is hereby further Enafted, That 
in caſe any Perſon or Perſons who ſhall and may have re- 
ceived any Sum or Bums of Money, by virtue of this AR, as 
a Reward for any Method of diſcovering the Longitude at 
Sea, ſhall afterwards become intitled to any of the greater 
Rewards appointed by this Act, for or on account of the 
fame Method; that then, and in ſuch Caſe, ſuch Sym or 
Sums of Money as they ſhall of may have received as afore - 
faid ſhall be conſidered as Part of ſuch greet Reward, 
and deducted therefrom accordingly; and that no Perſon 
ſhall receive more in the Whole for any One Method for 
diſcovering the Longitude at Sea than the greateſt Reward 
appointed for ſuch Method by this Act. 


By the CouutssioxgRS appointed by Acts of Par- 
liatnent for the Diſcovery of the Longitude at Sea; 
and for examining, trying, and judging of all 
Propoſals, Experiments, and Improvements re- 
lating to the ſame. 4% 4a | 
HEREAS we have employed proper Perſons 
compute Nautical Almanacs and Aftronomical 
Ephemerides for the Years 1787, 1788, 1789, 1790, 
1791, and 1 3923 which will greatly contribute to make 
the Lunar Tables conſtructed by the late Profeſſor 
MAYER of Gottingen (which you have already printed 
with our Authority) more generally uſeful; and whereas 
we think fit to employ you to print the ſaid Nautical Al- 
manacs and Aſtronomical Ephemerides : We do#there- 
fore, in purſuance of the Power veſted in us by Act of 
Parliament, hereby licenſe, authorize, and impower 
you to cauſe the ſame to. be printed, together with ſuch 
other uſeful Tables for facilitating the Method of diſcover- 
ing the Longitude at Sea, as ſhall have been conſtructed 
under our Direction, and will be delivered to you by the 
Reverend Dr. NEIL MASKELYNE, his Majeſty's 
Aſtronomer Royal at Greenwich; and for ſo doing this ſhall 
be your ſufficient Warrant. Given under our Hands and 
Seals the 13th Day of February 1783. 
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HowE (L.S.) 
C. W. CoRNWwAIL(L. S) 
H. Dunpas (IL.S. 
T.FRANKLAND (L. S. 
Ro DN Ev (L. S. 
| J. Young (L.S. 
To Mr. WILLIAM  KEePpPEL (LS. 
RICHARDSON, os. BANKS (L.S. 
Printer in the Strand, MasKELYNE(L.S. 
Fe . SMITH _ (Ls. 
: WARiNG (L.S.) 
A. SHEPHERD (L.S.) 
. MarrioTT (L.S.) 
. ORDE L. S.) 
G. Ros E ts) 
P. STEPHENS (L.S. 
C. MippLETON * 
J. SMITH (L. S. 


By Command of the Commiſſioners, 


b 


H. PARKER, Secr . 
| By 


By the Cou us s1oN ERS appointed by Acts of Parliament 
for the Diſcovery of the Longitude at Sea; and for exa- 
mining, trying, and judging of all Propoſals, Experi- 
ments, and Improvements relating to the ſame. ” 
HEREAS we think fit to employ you (in the 
room of Mr. John Nourſe deceaſed) to publiſh 
and vend, and to cauſe to be publiſhed and vended, all ſuch 
Nautical Almanacs and Aſtronomical Ephemerides, and 
likewiſe all ſuch other uſeful Tables, conſtructed under 
our Direction, as have hitherto been printed by Mr. 
William Richardſon, from the Year 1767 to the preſent 
Time, and alſo ſuch as may henceforward be printed by 
him, or any other Perſon employed by us for the Purpoſe, 
for the ſeveral Years next enſuing, down to the Year 1792 
incluſive. We do therefore, in purſuance of the Power 
veſted in us by Act of Parliament, hereby licenſe, au- 
| thorize, and impower you to publiſh and vend, and to 
cauſe to be publiſhed and vended, ſuch Nautical Alma- 
nacs and Aſtronomical Ephemerides, as well as ſuch other 
uſeful Tables, conſtructed under our Direction, as have 
hitherto been printed by Mr. William Richardſon from the 
Year 1767 to the preſent Time, and alſo fuch as may 
henceforward be printed by him, or any other Perſon em- 
ployed by us for the Purpoſe, for the ſeveral Years next 
enſuing down to the Year 1792 incluſive, For which 
this ſhall be your Warrant. Given under ourHands and 
Seals at the Admiralty, the 7th Day of December 1782. 
| KeeeeL (L.S. 
C. W. CornwaLlL 
T. Fa AN KLAND 
RopN EVT 
. YounG 
. HakLanop 
Howe 
Jos. Banks 
95 | N. MasKELYNE 
To Mr. PETER ELIMSLY, T. Horny 
Bookſeller in the Strand. J. Suirn 
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T. OrDE 
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C. MippLETON 
| J. SMITM 
By Command of the Commiſſioners, 


H. PARKER, Secretary. 
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HE Commiſſioners of Longitude, in pur- 
ſuance of the Powers veſted in them by 
Act of Parliament, preſent the Public with 
the NauTicaL ALMANAC and ASTRONOMICAL 
ErRHEMERIS for the Year 1787, being the 
"Twenty-firſt Impreſſion, to be continued annually; 
a Work which muſt greatly contribute to the Im- 
provement of Aſtronomy, Geography, and Na- 
vigation. This EpHEMER1s contains every Thing 
eſſential to general Uſe that is to be found in 
any Ephemeris. hitherto publiſhed, with many 
other uſeful and intereſting Particulars never yet 
offered to the Public in any Work of this Kind. 
The Tables of the Moon had been brought by the 
late Profeſſor Mavzz of Gottingen to a ſufficient 
Exactneſs to determine the Longitude at Sea, within 
a Degree, as appeared by the Trials of ſeveral 
Perſons who made Uſe of them. The Difficulty 
and Length of the neceſſary Calculations ſeemed 
the only Obſtacles to hinder them from becoming 
of general Uſe : To remove which this Epne- 
MERIS was made; the Mariner being hereby re- 
lieved from the Neceſſity of calculating the Moon's 
Place from the Tables, and afterwards computing 
the Diſtance to Seconds by Logarithms, which 
are the principal and only very dehcate Part of the 
Calculus; ſo that the finding the Longitude by 
the Help of the EyHREMUERISs is now in a Manner 
reduced to the Computation of the Time, an Ope- 
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ration equal to that of an Azimuth, and the Cor- 


rection of the Diſtance on account of Refraction and 


Parallax, which is alſo rendered very eaſy by either 
of the Two Methods invented by Mr. Lyons and 
Mr.DunTHoRne, and publiſhed in the Firſt Edition 
of the Tables requiſite, to be uſed with the EpnhE- 
MERI1S, and ſince, with Improvements, in the Se- 
cond Edition of the ſame Tables ; or by either of 
the Two Methods annexed to the EPpREMERIS of 
1772, being both Improvements of the Method 
which I formerly publiſhed in the BxiTisn Mar1- 
NER's GuiDE and PHILOSOPHICAL TRANSACTIONS, 
the Firſt by myſelf, and the Second by Mr. GROROGE 
'WITCHELL, which are now alſo annexed to the Se- 
cond Edition of the Requisite TABLES; but ſtill 
more ſo by the GENERAL TaBLEs for correcting 
the apparent Diſtance of the Moon and a Star 
or the Sun from the Effects of Refraction and 
Parallax, computed at great Expence by Order of 
the Commiſſioners of Longitude, and publiſhed 
under the Care of Dr. SnREPHERD, Plumian Pro- 
feſſor of Aſtronomy and experimental Philoſophy, 
at CAMBRIDGE, In 1772. 1 EN 
All the Calculations of the EpHREMERISs relating 
to the Sun were made from Mr. Mayer's 
laſt Manuſcript Tables, received by the Board of 
Longitude after his Deceaſe, which have been 
printed under my Inſpection, and publiſhed 
in 1770; but the Calculations of the Moon were 
made in this EpHEMERIS, forthe Eleventh time, from 
new Tables, improved from Mavyzr's Tables, 
compoſed by Mr. CnaxLES Mason, under my 
Direction, from Calculations made by Order of 
the Board of Longitude, upon the Series of Lunar 
| | Obſerva- 


NR 
Obſervations made by the late Dr. BaapLey, and 
publiſhed in the Nautical Almanac of 1774. In 
theſe new Tables, the Epoch of the Moon's mean 
Longitude is 1“ leſs, that of the Apogee is 56" leſs, 
and that of the Aſcending Node 45” more, than in 
Mavex's printed Tables, and the Equations are 
calculated to Tenths of a Second. Moreover, One 
new Equation is introduced, whoſe Argument is the 
mean Diſtance of the Moon from the Sun's Apogee, 
and Maximum 16”",4. Theſe new Tables, when 
compared with the above-mentioned Series of Ob- 
ſervations, a proper Allowance being made for the 
unavoidable Error of Obſervation, ſeem to give 
always the Moon's Longitude in the Heavens 
correctly within 45 Seconds of a Degree; which 
greateſt Error, added to a poſſible Error of One 
Minute in taking the Moon's Diſtance from the 
Sun or a Star at Sea, will at a Medium only pro- 
duce an Error of: 50 Minutes of Longitude. 

The Calculations of the Planets, and of the 
Eclipſes of Jupiter's Satellites were calculated 
from the Tables of Mr. WarctenTin, annexed 
to M. DE La LAN DE's Aſtronomy, excepting the 
Eclipſes of Jupiter's Second Satellite, which were 
inſerted in this EpxeMeR1s for the Seventh time from 
new Tables tranſmitted to me from their learned 
Author Mr. WAROGENTIx, Secretary to the Royal 
Academy of Sciences at STOCKHOLM, and pub- 
liſhed at the End-of the Nautical Almanac of 
47790 - ; 
All the Articles of the EynRMrRIS were com- 
puted by Two ſeparate Perſons, and examined by 
a Third, except the Moon's Longitude, Latitude, 
Right Aſcenſion, Declination, Semidiameter, and 

Parallax, 


R E FA R - 
Parallax, which, for Noon, were — uted by One 
Perſon, and for Midnight by another, and the 
Truth of theſe Calculations nel by mean, 
or Differences, which, for the Moon's Longitudes 
were carried as far as the Fourth Order. 
To this ErhEMURRIs is annexed a Treatiſe by the 
Rev'd John Edwards, B. A. containing Directions 
for making the beſt Compoſition for the Metals of 
Reflecting Teleſcopes ; and the Method of caſting, 
grinding, poliſhing, and giving them the true 
parabolic Figure ; with an Account of the Cauſe 
and Cure of the Tremors peculiarly affecting Re- 
flecting Teleſcopes more than Refracting ones. 


Erratum. Omitted in 1 the NAUTICAL ALMANAC 
| of 1786, | 
zd May 1786, 4 5 Tran over * wer 8 Diſc. 


Sa” bo Last. N. = 3 
Ecliptic g 16.25 — — — 11.54 
Middle — 16. 57 — — — II.3L 
Egreſs — 19. 384 — — — 


9.35 | 
1 he neareſt Approach of the Centers 11. 43". 


NEVIL MASKELYNE, 
ASTRONOMER ROYAL 
GRrxEENWICH» 


June 16th, ae 
1783. We , 


: ExXPL 4A» 


Trine of the Characters uſed in the 


EPHEMERTS. 
The PLANE TS, &c. 


« The Moon. & Mars. 
Mercury. a jupiter 

2 Venus. H Saturn. 

8 The Moon's, or any other Planet's Aſcending Node, 


+ 29 The Deſcending Node. 
 ' Conjunction, or Planets ſituated i in the ſame Longitude. 


poſition, or Planets fituated in oppoſite * or 
ring 6 Signs from each other. 


Signs of the Zodiac. 

8. | 8. 
o. Y Aries, 6. LIbra. 
1. N Taurus. | | 7 m Scorpio. 
2. IT Gemini. J Sagittarius. 
3. S Cancer. ö | 9. A Capricornus, 
4. & Leo. | 10. % Aquarius, 
5. N Virgo. 11. K Pi 


E CLIPS ES in the Year 1787. 


January 3. Ceclipfed, viſible - f. M. 
Beginning of Eclipſe — 10. © 
Beginning of total * 10. 58 
Middle — — 11. 47% 
End of total Darkneſs — 12.37 
End of Eclipſe — — 13.35 


Dig. eclipſed 205. 56'. from N. Side of -&'s Shadow, 


January 18, © eclipſed, viſible : H. M. 
Beginning — — — 21. 54 
Middle — — — — 22.33 
End — — — 23. 124 


Dig. eclipſed 19. 177 on n O s northern Limb. 
( Sue the Firſt Impreſſion on ſolar Diſcat 422 
from Os Vertex on the right Hand. 


June 15. © eclipſed, viſible : HF. M. 


Beginning — — — 4.1142 
Middle 92 . 564 
End * —  — — — $474 


Dig. eclipſed 5®. 24' on Os bee Limb. 
makes the Firſt Impreſſion on the ſolar Diſc 


at 889 from 0 s Vertex on the right Hand. 


June 


E CLIPS Es in the Year 1787. 


June 30. ( eclipſed, inviſible: H. M. 
Beginning of Eclipſe — 0. 434 
Beginning of tota Darkneſs 1. 594 
Middle — — — — 2.342 
End of total Darkneſs— 3. 10 
End of Ecli ple — — 4. 264 

Dig. eclipſed 149. 27/. — N. Side of S5 8 Shadow. 


December 9. O eclipſed, inviſible: 

| * 6 at 4*. 11/in Long. 8%, 19? 30. d's Lat. 47/5 
South. © will be centrally eclipſed on the 
Merid. at 4. 20/ in Leng. 65%. Weſt, and 
Lat. et South. | 


/ 


—— rr ” Zo 74 
Criſes— —.— — > 52 
End — 323 


Dig. eclipſed 9? 99, 18/ on ( 5 £4 * | 


OBLIQUITY, &c. 
1 77. Okliquity of 8 u P22 Equat. of Equin. _— 


Jan. I. 23. 28, 3,2 +17,4 
Apr. 1. —23. 28. 2,3 — +17,7 
July 1. —23. 28. 1,3 — wo LOR. 
Or. 1 23. 28. 0,4 — 418.0 


Dec. 31. ' — 23, 27. 5974 8 a + 18,Q 


Lues of the Mhon. 1 
A 5. 2 . 

Full Moon 3. 11.47 
{Eaſt Quarter — 10. 18.52 
New Moon — 18. 22. 4 


— 2 — TY II 


1 — — —— Firſt Quarter 26. f. 12 
1 I * 2 Other — 
ru. „ + EEE — 
3. 2. 1,24 4125 v./ g 
of 4 *. I - 443 Em. of 132. y | 
i 8 2 — 478 9 ; 
| -6 Pa. [|Epiphany, _ | Ds center. 
e [iff Sunday afier Epipha ae | 
7 Su. [If Sunday after Epiphany.} | - 2: Stationary, || 
ſ 8 M. 1 f Pipban | 121 2 vibe | 
| Sf RAS | 14.54 Co mn. 
| 10 W. Ie 22. 57 CER 
28 13h. 17: „ 6. 3.10 C0 t 
12 11 . cI6$52 WW; of T, a 
'] 13 Pa. Hil. Camb. Ter. begins.“ * / N. 
D 11.194 Em. „ 5% N. 
14 4. 2 Sunday after Epiphany. B of ) center. 
| 15. |M. n 18. 9.35 Ce 
16 [Tu. 13. 5 1a arge 
17 W. [kept Priſca. 14. 11. 7 Com. 8 
18 Tn. 2, Charlent's birth-day| 15. 5 Cam 
119 F. Hil. 1 ret.j15,14-32 8 Ophinchi, 
20 Ba. Fabian, In days of St. Aura 11; Im. of A 7 | 
=_ - * 124 8. of 
21 . 34 Sanday after Ey piphay 17. 347 (& [I cem. 
22 [M. Vincent. gnes.ſ 18. O' ecl. viſib 
T 23 [Tu. Hilary Term bets! . [19:12.59 ©<nters 47, . 
24 [W. ſe i. 8.19 4% 
125 Th. Converſion. of St. Paul. 23. 7 I dif Lat, 410 
126 F. | [days of St. Hil. 2 ret. 2d. Lat. 56“ 


27 [Sa. Pr. Aug. Fred. born. In 15.2 5. 3 


(ECT nada — — J. 3 4, 
28 [Su. 4th Sunday after Epiphany. 27.15.25 Cn Pleiadum. 
29 M. 29. 10. 0: Glas „ 
30 [Tu. R. Charles I. martyr. 14. 5 Im. of BE 8 
31 [W. 


I 13 140 Em. % N. 0 
3 31. 0 34 Eule. 


—— 2 — — * 
5 | 


3 9 1 * 


N 


i 
5 2 


„ 4. >» 


E E. U NU . L 77 —IH 
| 8 ns Suns Tar 
| = 2 GE a. | Right Aſc, | Declin. 1 
JF 5 | Long | in Time. | South. {| 
© — . | | 8 
f 5.8. H. M. 8. N DID 
1 [M. | 9. 11. 6.32 | 18.48.19,7] 23. 9. 9 4. 8, 3 
2 |Tu. | 9.12. 7.42 | 18.52.44,8| 22.54.49] 4.36, 1, 
3 [W. 9. 13. 8.51 18.57. 22.49. 2] 5+ 3.80 #7 
4 Th. 9. 14.10. © | 19, 1.32,6| 22.42.48 f. 31,1 11 
b. | 9-15-11. 9 | 19. 5-56,0] 22.36. 7 56-5799]. 
1 — | 26,3 
6 [Sa. 9. 16.12. 18 19.10. 19,0 22,28, 59] 6.24, 2, 
/ Su. | 9. 17.13.26 19.14.41, 22.21,24| 6.50,1 259 
M. 9. 18.14.35 | 19-19. 3,7 | 22.13.23] 7-15,0 259 
9 [Tu. | 9. 19.15.43 | 19-23.25,2| 22. 4:56] 7.49.5], 
10 [W. 9, 20.18.52 | 19.27.46,1] 21.56. 3] 8. 4,87 
ee We Ee — 23,8 
Fo: Th. | 9. 21.18, 0 | 19.32, 6,5| 31.46.45] 8.28,6 55 
12 [F. | 9. 22.19. 9 | 19.36.26, 4 21.37. 1 8.5 1,8 235 
13 |Sa. | 9- 23.20.17 | 19.40.45,7| 21.26.52] 9.14.8225 
14 [S.. | 9. 24.21.24 | 19.45. 4;3| 21.16.18] 9.36,5|77” 
15 NM. 9. 25.22.32 | 19:49-22,2| 21, 5.1 9.57813 
— — 20 
6 [Tu. 9. 26. 23-39 | 19.53.39,4 20.53.56[10.18,4 : 
4 = . 9. 2.24.46 19.57.50, 29.42. 9/10. 38,4 oy 
is [Tn.] 9. 28.25.52 | 20. 2. 11,9 20.29.5910. 57,7]; 
19 [F. | 9. 29.26.57 | 20, 6.2, 1] 20. 15. 2511.16, 3 | 
20 [da. 10. 0.28, 1 | 20.10,41,5| 20. 4.291 1. 34,1078 
21 [Sz. 10. 1.29. 520. 14.5 5,1 Lain 
22 [M. 10. 2.30. 8 | 20. 19. 7,9 16,2 
23 [Tu. 10. yl 10 | 20,23,19,9 1574 
24 [W. 10. 4.32.11 | 20.27.31, 14,6 
25 [Th. 10. 5.33.10 | 20.31.41,6 13,8 
— — N — Wh © 
26 [F. 10. 6.34. 7 20.35.51,1, 18, 39.12113. 1 
27 Sa. 10. 7.35. 3 20. 39. 59,8 75 23.461 3.1 '2 (12,1 
28 [Su. 10. 8.35.58 | 20.44. 7,6 8. ü. o[13.27,4) 7 
29 [M. 10. 9.36.52 | 20.48.14,6 wn 51.55113.37, 2 
30 [Tu. 10. 10.39.44 20.5 2. 20,8 17.35.31113-47,4 9,6 
| — — 18, 8s 
I. 1ro. 11.38, 35 _20.56.26,1 17.18.4911 3. 56,2 ol 


+ 


bs * 1 
_TANUARY 1787. [3 
f F 1177 3 
m_ 7 * a TI" 4 


| &| Semidia- Time of {| ouly] Logarithm | Plate 
<| meter of ſling the be forthe of the.Sun's| the Moon's 
22 the Sun. eridi — Diſtance. Node. 
b K 3 fn F he | LR 1 
5 M. 8. M. 8. | M. S. wi | S D. M. 
I 16. 19,2 | þ 10,9 [2. 34, 9. 992630 . 14. 39 
7116. 9 1. 10,6 [z. 32,8] 9. 992698 | 9. 14. 19 
| Iz | 16. 18,8] 1. 10,1 J. 32, 8 9. 992863 | 9. 14. © 
i9 | 16. 18, 1 9˙8 2. 32,0] 9. 9930 9. 13. 44 
25 16. 17,51 1. 8,9 [2. 224 9. 993397 | 9. Fi 22 


Eclipſes of the SaTELLITEs' of JUPITER 


4 FY * 


_ 


I. Satellite. IL. Satellite. 9 
Emerſions. Emerſions. III. Satellite. 
Dayg H. M. 8. Days] H. M. S. || Days H. M. 8s. 
I | 4.13.58 *3 8.21.47 || #2 5. 33. 47 J 
2] 22.42. 2 21.39. 7 12 7. 17. 11 
| 7 17. 10. 7 [10 10.56.29 19 9. 32. 31 
16 | 11. 38. 14 || 14 | 0.13.56 ſl #9 | I 16. 10 E 
#3 | 6. 6.22 || 17 | 13.31.28 16- | 13.38.53 1 
lof 0. 34. 3121 2.49.7 || 19 | 15-15-44 E 
11 | 19. 2.43 || 24 16, 6.54 23 | 17.30.21 I | 
13 | 13. 301 57 [| 28 | 2.55. 121] 23 | 19. 15. 54 E 
*I5 | 7-59.13 zs | 5:24-49 E 30 | 21.30.25 I| 
17 2.27.33 || 31 | 16.13. 30 | 2. 16. 54 . 
18 | 20.55. 55 || 31 | 18:42.52E 
.20 | 15. 24- 19 BY IV. Satellite, Conj. 
24 | 4.21. 12 „Enn 
4 e 4 Ke | 2 N 
27 | 17.1 24 6. 8 Sup. 
29 11. 46. 66 | vH 
314 6. 15. * | : | [ 
—— CEC ea 


8. 


12 2 


2 8 = ＋ N TO LIK 7 8 IN. 
Ikleliecen-IHeliocen- Fedcch TGeocen: 


f „ |Patlag 
S tric Lon-| tric Lati;| tric Lon-| tric La- Declina- over 


N =] gitude. | tude, gitude. _tirude. 


S. P. N. B. M. S. B. M. DB. M. D. NMI. TR] 
"MERCURY. Gr.Elong. 1 


* 4. 22.17 6, 4725 8. 23. 54] 3. 8 N20. 118 12.45 
144 5. 6. 53 6. 32 8.23. 44 2.52 10. 27 23. 28 
71 . 28.16 2.29 20. 5 22. 22 
10 8. 2 Ii 4.51 1 2 2. 2 10-53 22. 18 
130 6. 13. 13 3-47 8.29. 25 1. 34 21. 54 22.1 
161 6. 23. 27} 2.41 4 + 34] 1. 5 22.21 22. 1 


19 7. 3. 2 1.33 H 9130 Jeet pe. br 
7. 12. 6] o. 27 N . ＋ o. II Nſzz. 55 22. 25 
7. 20. 49] b. 378 9. 13. 480 0 148 22. 59 22+ 30 
7. 29.716] 1. 38 | 9-17-57] 0.3 42. 52 [22-36 
7.33] 2. 36 | 9. 22. 15 o. 5 22. 35 2+ 43 
BER n 6 48. +. 


90% 


3» 9. Iz 1. 24 N 9. 16. 18 3: 47 Nſi8. 42 S} 8. 20 
3-18. 55] 1.54 | 9-12.38] 5. 7 [17.46 23. 32 
L"28. 497 2.21 9. 9.516895 5 fs 
4. $.25| 2.44 | 9. 7.21] 6.34 16. 42 22. 20 
, 


MARS 1 


8.14. 321 8508 J. 25. 51 5. 31 8023. IT 22.40 
8. 15.52] o. 55 ] 8. 29. 330 0.34 [24 2 22. 42 
1751 144 1. 19. 4 3] 0. 38 24. 2 22. 36 
8. 24. 388 1. 6 55 0.41 [23-53 422. 30 
8.28. 41 1.11 19.13. 61 0.45 123. 34 Iz2 28 
reel 314. 214. 
1. 21. 9] O0. 598 1. 11. 22] 1. 68 [14.13 NI 7. 47 
1. 41] o. 58 | 1.11.21] 1. 4 [14.14 | 7.21 
o. 58 | 1.314279] 1. 3 14 18 6. 55 
o. 57 J 1.11.41] 1. 1 [14.23 6 31 
2 | r 0,12." 11 Ff. 59 4. 6. 2 
FEC N 
110. 18. 24 5 7 810.15 12] I. 2 8 T7. 1781 2 20 
7110. 18. 35] 1. 8 10. 15. 510 l. 2 . 6 2. 6 
13010. 18.46] 1. 8 10. 16. 31] 1. 2 16. 84 | 1.36; 
1910. 18. 58] 1. 9 10. 17. 13] 1. 3 16. 41 | 1.13 
25110. 19. 91 1. 9 — 1.1.22 .. 


N 


| "Moons Lon-| Moon's Lon-[Moon's La- 

SE gitude at | gitude at titude at : 
3 £1 4 Noon. Midnight. Noon. 

E ; n — 

|” #1318: b. M. S. S D. M. S. D. M. 8. 

M. 2. 6.43.14 2, 14. 9.19 3-14.21N 

2 Tu. 2. 21.35.35] 2. 29. 1.18 2. 3-15. 

3 IW. 3. 6.25.27 3. 13.4658 | 0.44- 1 Nſo. 3. 
4 [Th. 3. 27. 5.54 28.18.51 [0.37.18 8 

5 k. | 4-- $:27:49 | 4 12.3857 1.54.39 (2.30. 

6 Sa. 4. 19.28. 18 4. 26.19.25 3. 3. 5 | 3.32.46 
2. 4. J. 413 J. 9446 39. 4 4134 
8 NM. | 5.16.15. 9 | f. 22.4141 [44.22 14.55.18 
1 9 Tu. | 5. 29. 2:38 | 6, 5.18:29 | 5: 6.24 5.13. 40 2 
10 [W. 6. 11.29.41 [ 6. 19.36.46 | 5. 17-11 [17.3 
111 Th. 6. 23.40.19 6. 29.40.54 5.13.22 5. 6.17 

12 F. 7. 6.39. 7 | 7. 11.35.34 4.5587 [4-42-27 
| 13 Sa. | 7. 17.30.52 | 7, 23-25.34 | 4.20. 1 4. 6.40 [ 
14 [Su. | 7; 29:20415 | 8. 5.15.26 | 3.44.53 13-20-35 

15 M. 8. 11. 11.38 8. 17. 9.16 2:54- 2 42-25-31 | 

? : in . ora ee 
| 16 |Tu. | 8.23. 8.47 | 8, 29.10.33 | 1-554 1-23.30 
iW. | & 5.14.51 |] 9. 11.21.59 | 9.59.36 8 0. 16.5 3 8 
- | 18 [Th. | 9. 19.32. 8 | 9. 23.45.31 | 0.15.18 Nſo.51.33N 

19 F. 0. 2.11 |10, 6,22.18 1.25.28 [1.58.36 

20 [Sa. 10, 12.45.54 (0. 19.13. © | 2.30. 33 3. o. 5 

21 [Su. 10. 25.43.34 [f 1. 2.17.35 3.29. 2 3.5443 

22 M. III. 8.54.57 11. 15.35.39 4-17.27 (436.52 

23 Tu. I. 22.19.31 |11. 29. 6.32 | 4-52.38 5. 4.25 
24 W. | ©. 5.56.29 | 0. 12.49.22 F. 12. © 5. 5. 9 
25 [Th. | o. 19.44.56 [o. 26.43.10 | f. 13.46 |5. 7.46 
26 F. | 1. 3.43.49 | 1. 10.46.47 4.57. 9 442. 2 

27 Sa. 1. 1.5 1.49 | I: 24.58.45 | 4.22.32 13-5855 

28 [Su. | 2. 2. 7.16 | 2. 9.17. 93.31.31 3. 0.44 

29 [M. | 2.16.28. 0 | 2.2 39: 25 2.26.59. 1.50.54 
30 [Tu. 3. 0.50.58 ] 3. L 3 No. 34. 5 
| W. 3. 15:12.22 22:21. 5 
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TR 1] »'sRi 22 Jö s De- 
| Aſcenſ. | Aſcenſ. [clinationſclinati 
| at Noon. t Midn, at Noon. t Midn. 
D. M. D. M. D.M. D. D. NI. 
1 IM. 113] 9. 54 64.16 12. 824. 39 Nees. 11N 
2 Tu. 114] 10.58 | 80.42 | 88. 555. 15 [24.52 
3 [W. 15 12. © | 97. 2 | 104. 594. 3 22. 48 
4 [Tn. 160 12. 59 | 112.42 | 120. 91, 12 fig. 16 
5 [F. 17] 13-53 | 127.20 | 134.1517. 4 14. 40 
6 [Sa. 18 14. 42140. 55 | 147. 2112. 6 | 9.25 
7 Su. [19] 15+28 153-35 159. 38 6.40 | 3:54N 
B M. [20 16. 12 | 165.32 | 171. 21 oF 1. 378 
9 Tu. z 1 16. 54 18. 182. 47] 4 188 6. 5 
10 [W. [22] 17. 36 | 188. 28-] 194. 10 9. 25 11.4 
* f — — 
11 [Th. |23] 18. 20 | 199. 55 | 205. 4414. 3 16. 9 
12 [F. 24 19. 5 | 211.37 | 217. 36418. 4 19. 48 
13 [Sa. [25] 19. 52223. 42 | 229. 55%½1. 20 fas. 38 
14 [Su. 26 20. 41 | 236. 14 242. 40023. 41 24. 29 
15 [M. 27] 21. 31 | 249-11 | 255-47[25+ 1 [25.16 
16 [Tu. [28] 22.22 | 262.25 | 269. 55. 12 [24.51 
17 [W. [29] 23-12 | 275+: 45282. 2324. 12  [23. 16 
18|Th. | 1 Sd | 288.58 | 295. 292. 2 20. 32 
19 [F. | 2} o. 1 | 301.54 | 308. 1518. 45 16. 4 
20 [Sa. 3] o. 49] 314-30 | 320. A . 35 112. 13 
21 [Su. 4 1-35 | 326. 48] 332. 52 9. 41 [/. 1 | 
22 [M. | 5] 2-21 | 338-55 | 344. 58 4. 168 1. 26 8 
23 [Tu. | 6] 3. 7 | 351. 2 | 357.10] 1,26 NJ 4. 18 N 
24 W. | 7] 3-54 23 | 9-43] 7+ 3 | 9.54 
25 [Th. | 8] 4-43 | 16.12 | 22. 52112: 34 |I5. 5 
— — — — — 
26 [F. 9 5. 36 | 29.43 | 36. 4717. 26 (19. 32 
27 [Sa. [iof 6. 32] 44. 5 | 51. 351. 22 22. 54 
28 [Ku. 11 7.31 | 59. 16 67. 6024. 4 24. 51 
29 [M. 12] 8.32 | 75. 1 82. 5925. 13 5.10 
30 |Tv. [13] 9. 3590. 56 98. 474. 41 [23-48 | 
— — — — — 
31 IW. II4l 10. 35 | 126. 30 l 114. 1122. 31 [20,53 | 
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8 [su. | 3.10, 7.17 | 7. 9.57, 22.29.32 4.33.5 
9 M. | 3-27. 4.30 | 7.14. 3,3| 22.22. 300 4.42, 
10 Tu. | 3. 18. 1.44 | 7.18. 7122.15. 4] 4-515 
W. 3. 18.58.50 7.22. 13,6 22. J. 15 4.59,8 
Th. | 3. 19.56.14 f 7.26. 18,1 21.59, 3| 5. 7.7 
F. 3. 20.53.30 | 7.30. 22,2 21.50. 29 5. 15,2 
Sa, | 3. 21.50.46] 7.34-25,8 | 21.41.32] f. 22.3 
Su. 3. 22.48. 2 | 7.38.29,0] 21.32.13] 5. 28,9 
; M. 3. 22.45.19 7.42.31, 21.22. 320 Ff. 35,0 
Tu. | 3. 24.42.37 7.46. 33,9 21.12.29 5.40, 
W. 3. 25.39.55 7.50.35, 21. 2. 5| 5.4597 
Th. | 3. 26.37.13 7.54.36, 5 20.51.19] 5. 50, 2 
. 7.58.37, 20.40. 120 f. 54,1 
Sa, | 3. 28.31.49 | 8: 2. 36,9 20. 28. 5.57.4 
Su, | 3. 29.29. 8 | 8. 6.36, 2 20.16.56 6. 0,1 
M. | 4- 0.26.27 | $.10.34,9] 20. 4.47] 6. 2,2 
Tu. | 4- 1.23.46 | 8.14.33,0| 19.52.18] 6. 3,8 
W. | 4- 2.21. 6 | 8.18.20,5| 19.39.29] 6. 4,8 
Th. | 4- 3-18.25 | $.22.27,4| 19.25.21 6. 5,2 
F. 4. 4.7547 | 8.26.23,7 f 19.12.54] 6. 4,9 
Sa. | 4+ 5-13. 8 8.30. 19,4 18.59. 8| 6. 4,0 | 
Su. | 4. 6.10.30 | 8.34.14,5 | 18.45. 3] 6. 2,5 
M. | 4- 7. 7-53 | 8.38. 9,0 18.30.39]. 6. 0,4 
Tu. | 4. 8 5.17 | 8.42. 2,8 18.15.57] f. 57, 


— — * — 


"TULLY It, 


. Hourly ME | 
Semidiv-|Time of D- Moticn Logarithm | Place of 

meter of ſing theſof the 5 of the Sun's] the Moon's! 

S eridian. Sun. Diftance. ' Node. | 
IM. 8. M. S. S. D. M. 
115. 45,9 1. 8,6 2. 23,0! 0.007221 9. 5. 3 
715. 47, [ 1. 8, 4 2. 23, of 0.007200 9. 4 44 
1315. 47, 2 1. 8,0 2. 23, 1 o. 007105 | 9. 4. 25 

19 15. 47,6] 1. 7, 5 2. 23, 2 ' 0. 0069 14 % % 5 
15.4872] 1. 7,1 12.2 „4 o. oo6541 | 9. 3. 47 


I. Satellite. 


II. Satellite. 


| 
| 


| Immerſions. Immertions. HI. Satellite, 
Days H. M. 8. H. M. 8. ys| H. M. 8. 
12 9.37. 22 12. 3. 50 Ty 18 57. 81 
44. 5.3 1. 20. 33 [7 7. 30 E 
522. 33. 56 514. 37. 22 [14 17. 55. 47 1 
717. 2. 15 || 14 3. 54. 16 I} 14 | 2d. 7.25 
9 | 11. 30. 35 || 175 | 17-11.16 |} 21 | 21.54.43 I 
It | 5.58.54 }| 6. 28.25 | 22 o. J. 34 
I3 | ©. 27. 14 19. 45-42 29 | 1-54 7 — 
| 14 | 18. 55. 36 % 3. 7 29 4. 8. 9E 
1613. 24. © 22. 20. 43 ||- | 
18 | 7.52.25 | IV. Satellite. Conj. | 
20 | 2. 20.51 — — 
21 | 20. 49. 18 3 | 13. 42 Inf. 
23 | 15. 17. 47 12 3 29 Sup. 
25 | 9.46.1 20 7 Inf, 
$7 4. 14-51 28 2; 48 Sup. 
28 | 22.43.25 


. 3 22 —ͤ 2 „„„%„ 
=_ - = 


FT; = 
 qHeliocen-|Heliocen-| Geocen: Geocen- Paſſage 
[OI tric Lon-|tric Lati- | tric Lon-|tric La- Deęelina- ] over 
| 2 gitude. [tude. . | gitude.  |titude. | tion, Merid. 
S. D. N. B. N. S. D. M. | B. N. B. NM. IH. N. 
| NI E R CU R v. Gr. Elon. 244.1 
5. 16. 7 6. 3 NI 3. 25. 40 1. 51 NU 22. 50 NI 1. 12 
h 101-148 1830-1328 
&. x} 54 -9-©1:4-©6. 5 297 n 1130 f 
6. 20. 19] 3. 2 | 4-19.51] 1. 10 [18,40 | 1.37 
7. O. f 1.94 4. 15. 15 0. 48 17. 3 | 1-42 
7. 9. 18] o. 48 NI 4. 19. 20] 0.21N|15.23 | 1.45 
71% 5} 0.19785} 4.233, £1. 89.113. 431.1447 
7. 26. 38] 1. 19 4. 26. 28] 0.40 |I2. 4 | 1.47 
8. 4.58] 2.18 | 4.29.27] 1.15 [10.30 | 1.46 
8. 13. 13] 3-14 | 5. 1.59] 1.51 [9 31.43 
8.21.27] 4. 6 | 5. 3-59} 2. 28 | 7.46 | 1.37 
NU 
O. 28. 53] 2. 268 2. 10. 58 1. 13 S 20. 54 Nlz1. 58 
1. 8.29] 2. ©] 231830] „% 0 fa e, & 
1. 18. 6 1. 31 2. 28-231 0. 44 28, 30 2. 11 
1. 27. A 1. 0 I 3. 3. 38} 0 280 fzargs 422. 18 
2. J. 231 o. 26 | 3. 9.55! o. 12 122,54 22. 26 
MARS | 
©. F. 11 1. 15 8 1. 12. 37 1. 38 14. 37N}2o. o 
5. 10 1.16, 52 . 0 li. 56 lg, 32 
6412. 3 . 4 1.21. 5 ©, $6 185 9 119.44 
o. 16. 11] o. 59 1. 25. 15] o. 52 18. 15 1. 37 
o. 19. 481 o. 53 | 1. 29. 211 o. 48 119. 15 1. 30 
UR. ene 
1 42 8 2. 12. 27 0. 35 8 21. 44 Nlz2. © 
2. J. 44 41 | 2. 13. 45] 0.35 21. 54 (21.41 
2. 8. 16 40 2. 15. 20 0. 35 2. 3 2 22 
2. 8.47] 0. 40 2. 16. 16] o, 35 2. 11 zu 3 
2. 9.19 0.39 | 2.17.28! ©, 34 122. 19 120. 44 
SATURN, | 
10. 24. 4] 1.20S|10. 28. 32] 1. 26 813. 21815. 21 
10. 24. 15 21 10. 28. 18] 1. 2) 13. 27 [14.55 
10. 24. 26] 1,21 Ito. 28. 1 1. 28 13. 34 14. 30 
10. 24. 35] 1. 21 10. 27. 410 1. 29 [13.42 14. 5 
LO. 24. 49) 1, 22 110. 27. 18! 1. 30 13. 50 113. 40 


_— 


TIX. 
cons Lon T Moons Lon-I Moon's 


2 
| 
@ (4 
| 
4 
l 
f 


El 


15.28. 5 | 3. 22.55.37 [0.56.24S 
15 [u. | 4 0.20.32 4- 7-41.56 [2.14.34 


gitude itude at | Latitude 
* Tal nt at Noon. Midnight. .| at Noon, 
Fs. D. M. s. S. D. M. S DMS 
1 [Su. 9. 19.13.55 | 9. 25.14.52 {1.16.58 Ni. 
2 [M. 10. 1.17.45 [10. 7.23. 1 2. 19.48 
3 Tu. 10. 13. 30.52 10. 19.41.33 [3-17 2 
4 [W. 10. 25.5 5.21 [I. 2.12.34 4. 5.54 
5 Th. 1. 8.33.28 [TI. 14.58.19 [4-43.47 |} 
6 [F. III. 21.27.24 [1 I. 28. o. 59 ß. 8.16 
Sa. | ©. 4.39.16 Jo. 11.22.30 [5.17.16 
— 5 Fu. o. 18. 10.47% lo. 25. 4.14 |5. 9.11 
9 IM. | 1. 2. 2.53 | 1. 9. 6.40 4.43.11 
10 [Tu. | 1. 16,15,26 I. 23.28.57 3.59.28 
11 [W. | 2. 0.46.48 | 2. 8. 8.31 [2.59.39 | 8: 
12 [Th. | 2. 15.33.25 | 2.23. 0.46 [1.46.57 f. 7. 14 N 
13 [F. | 3. 0.29.39 | 3. 7-59. 8 [0.25.15 NþÞ. 15. 148 
FZ l x 
2 


US 
On 
- 
to 
C —_ 


16 M. |. 4. 14.58.53 | 4-22.10.43 3.22.32 


3 * 4 
17 [Tu. 4. 29.16.44 | 5- 6.16.34 4.16. 6 (4. 36. 39 
18 [W. | 5.13. 9.53 | $- 19-56-37 [4-52-51 6. 4.309 
19 [Th. |: 5. 26.36,45 | 6. 3.10.32 |5.12. 7 5.15.20 
20 [F. | 6. 9.38.11 | 6. 16. o. 1 [5.14.39 (5. 9.46 | | 
21 |Sa. |6. 22.16.36 5 28.28.19 5. 1.23 [4.49.37 1 
22 [Su. . 4.35.47 | 7. 10. 39.35 4.34.3) [4. 16. 40 O = 
23 [M. | 7. 16.40.17 7 22.38.28 3.56. 2 3.33. © 
24 [Tu. 28.34.40 4.29.40 [;. 7.47 |2. 40, 41 
25 [W. | 8.10.23.50| 8. 4 17.47 2.11.53 1. 41. 45 


3 — 


o. | 
4. 3. 9 | 9-10. 0.53 ſo. 5.53 8 o. 26. 50 N 
I 


— 
S 
O 
UI 
— 


9. 22. 2.23 9.59.25 Ni. = 
. 28. 6.41 flo. 4.13.43 [z. 2.43 [2+ 32. 43 | 1 
10.23.35 10. 16.36.28 |3, 1. 9 3. 27. 37 


31 Tu. [10. 22.52.29 Jo. 29.11.41 [3-51.48 14.13. 20 


7 
7 
26 [Th. 8. 22.12. 0 | 8.28. 6,59 [1.10.29 
9 
9 
9 
0 


* * "a - * 


r EY 


PT Ing" 


(23 JULY 1789. VI. 
1 n »'s Right] »'sRight] Des De- » 's De- 
E age over] Aſcenſ. Aſcent. tatinſclinatio 
26125 > erid. |at Noon. fat Midn. ſat Noon. ſat Midn. 
Se — 
| #} FR. M. D. M. P. NI. Ip. M. D. . 
| V. 17 13. 6 290. 38 296.51 o. 49 8 19. 19S] 
4 2 M. 18 13. 52 303. o | 309. 3117.37 [15.43 
3 [Tu. [19] 14437 | 315. 1 320.55 [13.38 1. 24 
4. 20 15.21 | 326. 46 J 332.36 9. 26. 33 
5 Th. [21] 16. 5 | 338. 25 [ 344.15 3. 598 1. 218 
6 F. 22 16. 50 | 350. 8 | 356. 51. 20 N 4. 1N| 
7 Sa. [23] 17. 37 2,101] 8.22 6.42 | 9.20 
8 [a. [24] 18.27 14. 46 21.21|11.54 [14.20 | 
9 M. 25 19.22 | 28.10\ 35.1416. 38 18, 42 | 
10 Tu. 26 20.21 | 42.34 | 50. 820.32 22. 5 
| 11 IW. [27 21.23 57. 57 65.57 23. 16 124. 4 
12 [Th. [28] 22.27 74. 61 82.19 24. 27 424. 24 
13 [F. 29 23.31 | 90. 32 98.40 23. 54 22. 58 
14 [Sa. 1 8 106. 40 114.28 1. 38 19. 56 
4 25 Su. | 2] 0.31 | 122. 24 129.211). 55 15. 37 ö 
16 [M. | 3] 1. 26136. 26 | 143.16 13. 8 10. 29 | 
17 [Tu. 4 2.17 | 149.541 156.20 7.44 {| 4. 56N 
18 W. | 5] 3. 6 | 162.37 f 168.46 2. NI 0.41S 
19 [Th. | 6] 3-52 | 174-49 | 180.49] 3.25S|6. 5 
20 F. 7 4-37 | 186.46 | 192.43 8.38 {11. 4 
21 |Sa, | 8] 5.22 | 198.40 | 204.40 13. 20 15. 27 
22 [Su. | 9| 6. 8 | 210.42 | 216.49|17.22 19. 6 [1 
23 M. 100 6.55 | 223. © | 229.15 120.36 21. 53 
24 |Tu. [11] 7.43 | 235-35 J 241.59 [22.55 {123.42 
25 [W. 12] 8.32 | 248.26 | 254.55 [24-13 [24-27 | 
26 [Th. [13] 9.22 | 261.26 267.56 24.25 (24« = 
27 [F. 14 19.11 | 274.25 | 280.52 |23. 30 |22. 38 
28 [Sa. [15] 11. © | 287. 15 | 293.3321. 31 420. 9 
29 [FC. [16] 11.47 | 299.47 | 305.56 118. 34 16. 45* | 
30 [M. [x57] 12.33 | 312. © | 318, 014. 45 [12.35 | 
4 — — 
31 Tu. 18! 13. 18 323. 56 329.50 10, 15 | 7549 
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mid. | 


at 
Noon. 


'Semid*. Hor. Par.ſHor. Par. 
Þ at D at at 
Midnight.] Neon. Midnight. 


M. 8. 


M. 8. M. 8. M. 8. 
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| Tg AU GUST 1787. 
8 F Phaſes of the Mcon 
i = Sundays, ny — 
Il D. HN 
851 F ' Hager 6. 2. 3949 
— x — Jon — 12. 19. 
1 W. |Lammas-Day, : irſt Quarter —20. 8. : 
3 F. 
| 4 |Sa. 9 
Su. |oth Sunday aft Tarp. DH NI. 
5 Su. Toe un er 
6 |M, [Transfig. & — — 4.15.49 (1 ; 
115 Name af — =. A Stationary. 
| W. 0.57 i Pleiadum. 
9E. 8.23. 0 (132 Y | 
| 10 [F. |St. Lawrence. 9. 8.49 ( 1 
| 11 Sa, 11.53 Cul 
| ww" = ry 72 - 10. 9.3 * 
12 ot unday er Trinity. i 3. 18.40 C 
113 * IE. nen 15. an 
1 14 [Tu 367. 
| 15 [W. | h => diff. Lat. 
16 | Th. Pr. Frederick born. ut. 
117]F. | o. 15 (e & | 
| 18 J. . , Pant a. 
— — — — 45 4 | 
4 19 Su. 3 1th Sunday after Trinity. 20, 9.38 (In 
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an + 21. 46. 12 || #6 | 12. 32. 43 E 
1.36. 55 || #8 | 1. 4 25 {#13 | 13-59. 13 J 
6 | 20. 5.15 |} 12 | 0.22. 28 |*13 | 16. 32. 4E 

#$ | 14. 33. 32 15 | 13. 40. 22 [#20 | 17.56. 44 I 

*#I0 | 9g. 1.47 19] 2.58. 8 || 20 | 20. 30. 48 E 
12 | 3. 29. 59 ||*22 | 16. 15.46 || 27 | 21.53.44 1 
13 | 21.58, 9 || 26 5. 33. 18 |Þ 28 | 0.29. 1E 

*15 | 16, 26. 15 |[#29 | 18. 50. 44 _ 

*17 | 10, $4.22 IV. Satellite. Conj. 
19 | $, 22.24 — 
20 23. 50. 25 16 9. 44 Sup. 

22 18, 18. 24 +14 | 15.279 If. - 

124 | 12, 46.20 23 | ©. 26 Sup. 

#20 | J. 14 15 
28 | 1. 42. 3 
2920. 9.5 ! 
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24). 


fed: 


"NOVEMBER 1797, Ti 


eliocen-|Heliocen | Geocen- |Geocen- P. 
'S tric Lon-|tric Lati- | tric Lon-[|tric La- Declina- 
Z | gitude. frude. | gitude. [titude. ' | tion. 
{” [S.D. MD. M. 18. D.M.{D.M. | D.M. [H.M, 
$$ MERCURY. Gr, Elong. 1 
1 9. 5.31} F. 21 8 7. 26. 2 1 53 21. 6S]1. 7 
41 9. 14. 14] 5.58 -: 0.19] 2. 8 [22.19 | 1.12 
79. 23. 19] 6.28 | 8, 4. 30] 2.20 [23.21 | 1.18 
10 [10. 2.53] 6.49 | 8. 8.32] 2. 29 [24.12 | 1.2 
13 !10. 13. 44 7. © 8. 12. 230 2. 35 [2451 | 1.2 
1610. 24. 1] 6. 56 8. 15.57] 2. 35 [25.18 1. 31 
1911. 5.53] 6. 35 | 8. 19. 8] 2. 30 [25.30 1. 32 
22 11. 18. 50] 5. 53 | 8. 21. 44] 2. 17 [25-29 1. 31 
fes o. 3. 2] 4.46 | 8. 23. 30] 1. 55 [25.13 | 1.26} 
12S o. 18. 35] 3. 13 8. 24. 5 1. 20 24. 40 | 117 
[30 ©. 20. 43] 1.57 | 8.23.39! o. o [24.9 I 1. 6 
TE -- ee VENUS. 6 | 
Tj 7.17. 31] 1. 33 N 7. 12. 36] o. 39 Nji5. 18S] o. 15 
72. 3. 2 | 7-20 Bb o. 26 7. & 21 
13 8. 6. 38] o. 29 N 7. 27. 39] o. 12 Nlig. 28 | 0.27 
198. 16. 10 o. 588. 5.11] o. 2821. 14 | 0. 34 
25 J 8.25.40! o. 30 | 8.12.43! o. 17 122.37 lo. 40 
1 MARS. a7 
I| 2.14.43] 0. -coN 3. 22.51 1. 22 NI22. 52 N[17. 12 
172.17 45] 0.55 | 3.24. 32] 1. 35 [22.48 16. 55 
13 2. 20.46] 1. © | 3, 25. 500 1.50 22. 48 16. 36 
19 2.23.45] 1. 5 | 3. 26. 44] 2. 5 22. 52 16. 15 
15 2. 26. 421 1. 9 1 3.27.15! 2.21 123. 2 15. 52 
| 45 oY UPITER. 8 
| 14 2.17. 56] o. 28 8 2. 26. 8 o. 33 8 22. 52 NI15. 1 
7] 2. 18. 25]. o. 28 | 2.25. 44] 0.33 [22.51 14.4 
3J 2. 18. 88 o. 27 | 2. 25. 13] ©. 32 [22. 40 14. 28 
19] 2. 19. 29] 0.26 | 2. 24. 37] 0.32 [22,49 13. 55 
251 2. 20. ol o. 26 1 2. 23. 56 o. 31 122.48 113.27 
| f N. Do va". -7 
1 110. 27. 56] 1. 29810. 22. 17] 1. 31S|15. 32'S} 7.13 
7 io. 28. 8 1.29 10.22. 23] 1. 31 [15.30 | 6.50 
tz to. 28. 19] 1. 30 10. 22. 32] 1. 30 15. 26 | 6. 26 
19 10. 28.31] 1. 30 10. 22. 45 1. 30 [15,22 | 6. 2 
25 10. 28. 42) 1. 31. 110.23. 11. 1. 30 l15.15 I 5. 38 
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Tan 
| Moon's 


Sl ©] Moon's Lon- Moon's Lon- PRO La- 
SZ gitude at pling at | titude at|Latitude 
32122 oen. | Midnight. | Noon. ſat Midn. 
=o; th | —— 
ß Fs. D. M. s.] $.D.M.S:|D:M.S. [D.M.8. | 
1 [Th. 3. 27. 3. 26] 4. 4. 4. 402. 33. 59 83. 5.41 8 
2 [F. | 4. 11. 2. 18 4. 17. 56. 1903. 34. 19 5˙59˙3 
3 Sa. 4. 24. 46. 39] 5. 1. 33. 204. 21. 11 (4.38.55 
4 |Su. F. 8. 16. 44 5. * 56. 3604. 52. 36 Js. 2.13 
5 |M. 5. 21. 33. 1 5. 28. 6. 1105. 7.42 (5.9. 5 
6 |Tu, | 6. 4. 36. 3] 6. 11. 2. 4305. 6.29 4.59.58 
[W. | 6. 17. 26. 13] 6. 23. 46. 3604-49. 46 4.36. 2 
8 [Tu. | 7. o. 3. 55 7. 6. 18. 1604. 19. 4 3.59. 4 
9 F. 7. 12. 29. 37 2 18. 38. 1103. 36. 25 3.11.21 
10 |Sa. | 7+ 24. 43. 56] 8. o. 47. 92. 44, 16 [2.15.27 
11 [Su. | 8. 6.47. 55] 8. 12. 46. 33/1. 45. 17 1.1 
12 [M. | 8.18. — 16 8. 24. 38. = 42.12 8ſo. Nets 
13 [Tu. 9. o. 32+ 25] 9. 6. 25. 3800. 22. 19 Nſo. 54. 20 N 
14 [W. 9. 12. 18. 33] 9. 18. 11. 431. 25. 45 [1.56.18 | 
15 [Th. | 9. 24. 5. 36010. o. o. 55.25. 42 1-53-39 
16 [F. 10. 5. 58. 810. 11. 58. 13. 19. 54 [3.44. 9 
17 Sa. 10. 18. 1. 5/10. 24 8. J ©. 7 4.25432 
18 [C. |11- o. 19. 27]I11. 6. 35. 5804. 42. 4.55.32 
19 [M. II. 12. 58. 201m. 19. 26. 145. . 34 [5-11.54 
20 [Tu. 11, 26. o. 540 o. 2. 42. 2215+ 14. 15 5 12.26 
2t W. [o. 9, 30, 48 o. 16. 26. 145. 6. 12 (4.5 5.26 
22 [Th. o. 23. 28, 32] 1. o. 37. 2604. 40. 5 (4.20. 
25 [F. 1. 7. 52. 220 1. 15. 12. 443. 5.45 3.27.11 
24 Sa. 1. 22. 3). 380 2, ©. 6. 72. 54. 49 2.19.10 
25 [S. 2. 7. 37. 7 2. 15. 9. 2801. 40. 53 l. 0.42 N 
26 [M. | 2. 22. 42. 2 3. o. 13, 3910. 19. 23 Nſo. 22. 12 8 
27 [Tu. 3. 7. 43. 20] 3. 15. 10. 301. 3.18 81.42.58 
28 [W. 3. 22. 33. 6 3. 29. 51. 4602. 20. 38 2.55.38 } 
29 [Th. 4. 7. 5+ 33] 4. 14. 14. 803. 27. 25 3.5.34 
30 F. 4. 21. 17» 14] 4. 28. 14. 474. 19, 45 [4-39-47 
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| Of =| | D 'sPaſs- » sRight| ) s Right Des De- Is De 
E Z |=] age over[Aſcen. ar] Aſc. at |clinationſclinatio 
38 2 =; Merid. Noon. Midn. ſat Noon. at Midn 
FFH. M. D. M. b. M. p. M. D. M. 
1 [Th. 123] 18. 7 | 118. 35 ] 125. 39 19. 15 N|16. 15 N 
2 [F. [24] 18.58 | 132.29 | 139. 8 4. 2 1. 40 
3 Ba. [25] 19.46 | 145. 36 151. 55 9.10 6. 35 
4 Su. [20] 20.32 | 158. 6 | 194. 12 3.57 N| 1.17 N[ 
5 M. [27] 21.17 | 170.13 | 176. 12 1. 21 8 3. 58 8 
— . DF OO WEE Rn © 
6 [Tu. [25] 22. 3 | 182, 11 | 188. 10 6. 31 | 8.58 
7 W. [29] 22.49 |-194. 11 | 200. 46 [11.19 [13.31 
h. [39] 23. 36 | 206. 24 | 212. 36 15. 33 [17.24 | 
9 F. | 1] & - | 218. 53] 225. 1419. 2 [20.27 | 
10 Sa. | 2] 0.24 | 231. 39 | 238. 721. 38 22. 33 
11 Pu. 1. 14 244. 38 | 251. 923. 12 23. 35 
12 [M. 2. 4 | 257. 40254. 923. 41 23. 31 
1-13 [Tu. 5 2.53 270. 35 | 276. 5723. 5 2. 24 
| 14 [W. | 3.41283. 14 289. 26 [21, 28 20.1 
15 [Th. | 57} 4-27 | 295+ 32 | 301. 3418. 55 [17.20 
16 [F. 8 $5.12 | 3075.30 | 313.22 |15. 34 13. 38 
17 Ba. | 9 5-56 |} 319. 11 | 324. 58111. 33 | 9. 19 
18 Pu. 6. 39 | 330. 44 336. 31 6.58 4.318 
19 M. i 7. 23 342-21 | 348. 151. 598 0. 36 N 
20 Tu. 12] 8. 9 | 354.15 o. 24 3. 13 NJ 5.51 | 
21 [W. 13 8. 57 6.42 |, 13.13] 8.28 1. 1 
22 Th. 4] 9.49 | 19-57 | 26. 5613. 27 |15. 46 
23 F. 15 10.45 | 34-10 | 41.4017. 52 [19-43 
24 82. 160 11.45 | 49. 25 | 57.2321. 16 22.28 } 
25 [Su. 17 12.50 | 65.32 | 73. 40 23. 16 123.39 | 
26 NMH. [18] 13.55 | 82. 2 99.15 23.35 [23. 6 
27 [Tu. 19 14.57 | 98. 20 | 105. 15 22. 11 20.54 | 
28 [W. 20] 15.55 | 113-57 | 121. 2419. 16 [175.20 þ 
29 [Tu. þ:1] 16.48 | 128. 35 | 135+ 32 [15-10 12. 49 
30 [F. 22 17. 38 | 142.16 | 148. 47 [10.19 | 7.43 | 
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Z 2, 
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2 E 116 2 15.57 
17 Su 15.43] 15-3 
15 M. 15.34] 15:29 

6 [Tu. | 15.25 15-21 
6 7 W. 145-17 15.1 
1 $ =þ 15. 9 | 15. 

9 115. 2 14. 59 

18 Sa. | 14. 56 14. 54 
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14-|Su. | 14-52 4 14-50 
12 M. 14.43 14.4 
13 Tu. | 14:46 | 14.4 
| 14 JW. 1} 14-46 | 14.47 
15 Th. 14. 49 14-51 
16 [r. | 14-54 | 14-57 
17 Ba. 15. 1] 15. 6 
' 18 Su 15. 1215. 18 
19 M. 15. 25 15. 32 
20 [Tu. | 15.39 | 15.47 
21 W. | 15-55 | '16.. 2 
22 Th. | 16. 19 | 16. 17 
23 [F. 16. 23 16. 2 
124 Pa. | 16.34 | 16. 3 
25 Fu. 16.40 | 16. 42 
26 [M. | 16.42 | 16.40 
27 [Tu. | 16.38 156. 34 
20 W. | 16.30 | 16. 25 
29 [Th. 16. 19 16. 13 
30 IF, : . 
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| ene | Sun's. | Equat, | 
=] Sun's Right Aſc, | Declin. ſof Time Diff. 

? 21 Longitude. | in Time. 2 _ Sub. 

| 8 8. D. M. S. H. M. 8. D. M.. M. 8. 
Sa. 8. 9.17.20 | Toa err. Ag : 

Fu. 8. 10.18.15 | 16.34.43, 722. 1. 9110.11,7 

M. 8. 11.19.11 | 16.39. 4,122. 9:45] 9-479 

Tu. 8. 12.20. 9 | 16.43.25,2[22.17. 9-2 55 

1W. 8. 13. 21. 8 16.47.46, 8122.25.41] 8.58, 
Th. 8. 14.22. 9 | 16.52. 9, oz 2.33. c| 8.3249 |. 

F. | 8. 15.23.11 16.56 — b 8. 6,7 

8a. | 8. 8 1694-14 17. 5 2.46.17] 7.40.0 

du. | 8. 17.25.18 | 17. F. 18, 82.52. 160 7. 12,9 
M. [8.1 26.22 17. 725 6.45,4 Y 

Tu. 8. 19.2 27 17.14. 7,423. 2.51] 6.17,5 

W. | 8. 20.28.33 | 17.18.32,4123. 7.27] 549,3 

Th.] 8. 21.29.30 | 17.22.57,6[23.11.36 $-20,7 

F. - | 8. 22.30.46 | 17.27.23, 1123.15.17] 4-51, 
a. | 8: 23.31.53' | 17.31.48,9123.18.30 4.2233 

16 [Sa. | 8.24-33. © | 17.35.14, 9]23.21.15] 3.53.3 

17 [M. 8.25.34. 8 | 17.49.41, 1123.23.32] 3.23, 

18 [Tu. | 8. 26.35.16 | 17.45. 9,5]3.25,21] 2.54,0 

9 [W. | 8.27.36.24 17. 49-3450] 3.26.42] 2.24, 2 
20 [Th. | 8. 28. 37.32 17.54. o, 53.27.34] 1.54.3 

21 [F. 8. 29.38.40 15 58.27, 0023.27.58 1.24, 4 

22 [f. 9. 0.39.48 | 18. 2.53, 5123.27.54] 9.544 | 

23 [Su. | 9. 1.40.56 | 18: 9.20, 1143.27.21] 0.24, 

24 [M. | 9g. 2.42. 5 | 18.11.46, 73.26. 200Ad: 5,4 

25 [Tu. | 9. 3.43-14 | 18.16.13, 23. 24.5 10 0.35-3 
26 [W. | 9. 4.4423 18.20. 39, 62 3. 22. 54 1. 

127 Th. 9. 545-33 | 18.25. 5,9 23.20.28 ge 

28 [F. 9. 6.46.43 | 18.29.32,0j23-17.34] 2. 4, 

29 [Sa. 9. 7.47.53 18.33.57, 3. 14.120 2.33, 

30 [Su. J 9. 8.49. 4 | 18.38.23, 602 3. 10. 22 3. 25 
_ 5 27 

31 IM. I 9. 9.50.15 1 18.42.49, 1123. 4 6. 5 3.31.4 
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1 Hourly 
8 Semidia- Time of De Logarithm Place of 
== | meter of} paſſing the —_ of the 2 Moon's 
3 ol the Sun. eridian. 8 © | Diſtance Node. 
LAS un. 
* 7 eee een ere g ( 
M. 8 IN. $5, M$ 4: 8. D. M. 
1 16. 17,1} 1. 10, 2 2. 32, 2 9. 993595 8, 26, 7 
716. 17,9 1. 10.7 |2. 32, 5 9. 993268 | 8. 26. 3 
113 16. 18,5}. 1. 11,0 4 32, J 9. 992991 | 8. 26. 19 
| 19 | 16. 19,0] 1. 11,1 |2. 32, i 9. 992776 | 8.26, 0 
25 | 16. 19,2! 1. 11,2 [;. 3229 9. 992053 8.25.41 | 
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EcLipsEs of the SATELLITES of N 
Immerſions. 
| Days H. M. S. 
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II. Satcllne. | 
Immerſions. LE III. — + 


Days| H. M. s. Days H. M. s. 


11 14.37. 49 [3 8. 8. 3 5 | 1.50, 81 
231 9. 6.37 621. 25. 15 5 | 4.26.41E 
5} 3.33. 23 [|w1o | 10.42. 22 | »12 pn 121 
8122. 1. Emerfions. 12 23. 58 E 
#3 | 16.28.50 | 14 2. 39. 42 19 ] 9.42. 61 
{+10 | 10. 56. 32 17 | 15. _ 52 % | 12.21, 5 
12.24 14 21 & 14: 26 13. 3 591 
© Emerfions, || 24 | 1 x I 26 | 16, 18. 13 
j 14 4 2. 2. 30 [|»2 7. 32 — — 
15 J 20. 30. 13 31 J 21. $5.54 || IV, Satellite. Conj. 
117 14. 57.581 | 
{*19 9.25. 38 21 F. 43 — 
121 3.53.21 *g | 14.25 „ 
| 22 | 22.21, 4 17 | 19.37 1 
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« 118, - 22, 34 


19. 18 
19. 58 
20. 43 


I. 11 8 8. 20. 15 


11 9. 511 
9. 14 49] 1,41 8. 27. 47 0. 5 [24 11 [. 54 
9. 24. of 2. 9 (9. 5.19] 0. 57 [24.18 | i, 1 
J . 5 5-33 [. r „ [2-1 
13. 2. 53 — 18 , . 


0.31S]23.379| 0.47 | 
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2. 29. 38} 1.1 1 2 25. I 71 _ 5 19. _ . 
* 2 82 1-3 26.480 2.54 23.40 14.58 
3. 5» 25] 1.22 22 49 3.71 24. 8 14.28 
3. 8. 160 1.25 | 3, 24-22] 3. 27 24. 40 11 55 | 
Jp 13h 7% 1-29 ! 3 28 20" 3-42 "25-14 U2-20 
_JUPITER, &@ 13% 12%, 
| 2. 20. 31 x 25 8 2. 23. 41] ©. 318] 22.47 N[12. 57 | 
2. 21. 2] o. 24 | 2. 224-23] 0-39 [22.45 [13. 20 | 
2. 21. 33] o. 24 | 2.21. o. 29 [22.43 11-58 
2. 22. 4] 0.23 | 2. 20. 45] 0.2 22.41 11. 28 
2. 22. 35) 0.22 | 2.19.58! 0.27 22. z3 19. 58 
1 KAR b4 , 
10. 28. 53} 1. 31S 10,.23, 20, 1. 29S 7 ST 5-13 | 
10. 29. 1. 31 10. 23.43] 1. 28 15. : 4. 
3 10. 29. 16] 1. 31 110. 24. 9. 28 14. 52 
9 10. 29. 28] 1. 32 10. 24. 380 1. 27 [14.42 
fe 19. 29.321. 32. 15. L.A. 1-27 [14.31 l.. 
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8 25 MoonsLon- | Moons Lon-] Moon's MO La: 
2312 gitude | d at | Latitude] titude | 
gase at Noon. - | Midnight. | at Noon. | at Midn. 
15 3% . — — 
Fs. D. M. S. s. D. M. S. D. M. S. D. M. S. 
E. 5. 5. 6.45 | 5- 21.519 [455-31 8|5. 6. 548, 
2 |Su. 19.34.31 7 28 5.13.56 15.16.43 | 

3 [M. 6. 1.41.59] 6. 8, 8.48 5.15.21 5. 10. 1 

4 [Tu. | 6. 14.31.20 | 6. 20.50. 2 F. 0.53 48. 11 

5 V. 6. 27. 5. 5 EE 4-32-19 6. 13. 4 
6 xb. 2. 9.25.45 | 7. 25.31.57 [351-11 |. 26. 48 

7 F. . 21.35-42 | J. 27.37.22 [;. 0.14 E. 31. 47 

8 8a. | 8. 3,37. 6 | 8. 9.38-15 [2. 1.47 f. 30. 35 

9 Fu. | 8. 15.31.55 8. 21.27.28 [o.58.29S P. 25.518 

10 [M. 8. 27.22. 2 | 9. 3.16.0 . 6.59 NÞ. « 39. 41 
11 Tu. 9 9.31 | 9.15. 3. 1 [1.11.57 fl. 43. 5 
12 [W. SS 9. 20.50.58 2.13.51 [2.42.51 ] - 

13 [Th. 10. * 17 to. 8.42.48 3, 10. 13 3.35.37 
14 [F. 10. 14.41.11 flo. 20.41.56 3.58.48 (4. 19. 31 

15 Ba. 10. 26.45.22 fl 1. 2.52.10 f. 3729 |4. 52. 29 
16 IS. 411. 9. 2.42 117. 1: 10. 1.36 Fo 4.16 ls. 12. 36 

17 M. . 21-37-19 | 11, 28. 2,20 [5.17.19 6. 18, 

18 [Tu. o. 4.33. 6 0. 11.10. 2 5. 14.52 (5. 7.2 

19 [V. | 0. 17.53.29 | 9. 24-43-42 4.55. 40 l. 30. 40 
20 [Th. | 1. 1.4.42 | 1. 8.44.36 [4-19.16 ;. 54. 35 
21 [F. | 1. 15.55. 8. 1. 23.12, 4 3:25:54 | E. 63. 28 | 
22 Ba. | 2. 0.34-46 | 2. 8. 2,36 [2.17.43 1. 39. 11 
23 Fu. 2. 15.34.39 | 2. 23 9.53 lors 58.37 No. 16.42 
24 [M. 3. 0.47.9] 3. 914 0.25.41S|1, 7. 408 
25 [Tu. | 3. 16. 2:43 3. 23.38.2 1.4445 2. 25. 58 

26 [W. 72 1.11.14 14 8.39.57 [3. 2.44 3. 38. 1 

2 Th. 4+ 16, 3.43 } 4- 23.21.44 [4+ 4-19 *. 16 
28 [b. | 5+ 0.33.27 . 7:38.33 4.46.36 |5. 1. 14 

29 a. | 5+ 14.36.43 | F. 21.28. 2 f. 11.10 6. 16, 27 
30 . 5. 28.12.32 | 6. 4.50.29 [5.17.15 |5. 13. 47 
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1 | » 'sPats-| pes Kight] d'sRight] Þ 's Le-| » 's De- 
22] -=|2|:ge over] Aſcenl, | Aſcenſ. idee 
2 2 2 >| Merid. ſat Noon. at Midn. at Noon. ſat Midn. 

1e — — 
| #| n. M. D. l. D. M. Ip. M. D. M. 
| 1 [Sa. [23] 18.24 | 155. 8 | 161.21] 5. 4N 2. 23 N 
| 2 [Su. [24] 19.10 | 167.27 | 173.29] 0. 18 8 2.568 
T 3 |M. 25/19. 55 179. 28 | 185,25] 5.30, | 7.58 
4 Tu. 26 20.45 | 191.23 | 197.2410. 20 [12. 35 
| 5 |W- [7] 21:26 | 203.27 | 209.3314. 40 16. 35 | 
| 65 [Th. [28] 22, 13 | 215. 44 | 222. 018. 18 |19. 48 
7 [F. 29] 23. 2 | 228.20 | 234.44ſ21. 5 22. 7 
1 8»jSa. 30 23.51 | 241. 11 24/4022. 63 123.24 | 
| 9. [1 254. 10 | 260.4 3. 30 [23.37 
10 M. | 2] 0.40 | 267. 273.33 23.19 22. 46 
| 11 u. 3 1. 28 | 279.53 286. 8 [21.57 [20.54 
| 12 [M. | 4| 2.14 | 292.17 | 298.2119, 38 18. 
| 13 [Th. | 5} 2.59 | 304.18 | 310.10[15, 28  [14. 38 
| I4 F. | 6 3.43 | 315- 58 | 321.4212. 38 10. 30 
| 15 Sa. 7 4-25 | 327.23 | 333- 48. 15 5.54 
16 |Su. | 8] 5. 8338. 44 344.27 | 3. 298 1. 08 
17 M. 9 5.51 | 350.13 | 356. 5| 1. 32 NI 4. 5N 
18 [Tu. 10] 6. 36] 2. 5] 8.13 6.37 [9.8 

19 W. III J-24 14. 34 21. 811.35 13. 58 

20 [Th. [12] 8.16 27.57] 35. 216. 7 18. 
21 [F. Jr3 9.13 42.23 50. 1119. 54 21.23 
22 Sa. 14 10.15 | 57-54 65.592. 32 [23.1 
23 Su. [15] 11.19 | 74.13 82.32 23. 30 [23. 34 
24 M. 16] 12.23 90. 51 99. 523. 2 [22. 5 
25 |Tv. [17] 13.25 | 10). 10 | 115. 420. 43 18.59 
26 W. 18 14. 23 | 122. 44 130; 8 16.57 14. 30 
27 [Th. 19 15. 16 | 137.17 | 144.1212. 10 | 9.32 
28 F. 20] 16. 6 | 150. 55 | 157.27] 6.49 | 4, 3N 
29 81. [21] 16. 53 | 163.50 | 1750. 5 1. 17 N 1. 28 8 
30 [Su. 220 17-39 | 176. 15 | 182,21] 4. 88] 6.44 
31 IM. 23] 18. 25 | 188. 25 194.39| 9.12 111. 32 
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| "= Et Samide, | Semid*, Hor. Par- Hor. Par, |$ TP, 2 7 
[ZS dat p at dat |; | 
12x 4 Noon, {Midnight.} Noon. Midnight. A 22 
' — 1 N * _—_ 2 — 
7 #1 M.S.] M. S8. M. 8. M. 8. S 85 8. 0 

E [15.53 1 7 5 897 4975 

| 2 b. 15.0] 15. 34 57:29) 58.24 [4951 4985 

| 31M. | 15.28 | 15. 23 5 56. 2650125037 

4 [Tu. | 15.18 | 15. 13 5h = 55. 50 50625084 
SV. 5. 8815. 455.34] 55: 19 104/5124 
5 Th. | us. 1 14. 5855. 6 54 54 [5141 5159] 
AR. 14. 55 | 14. 52 54. 4] 84.35 17/5182 
| 14. 50 14-48 | 54-27 | 5420 5193/5202 
| 9.ÞP% | 1447 |. 14-45 | 54-15 | 64.11 52096214 
| 10 [M. | 14-45 | 14. 45 54. 8 4 6 521805221 
Tu. 14.44 14.45 54+ 5-| 54. 652225221 

12 JW. | 14.45 | 1440 | 54 9] 54-73 15217 9211 
| 13 [Th. 14.48 | 14-50 | 5419 | 54-27 203/5193 
241 | 1453] 24-56 | 54:37 | 54421795163 
| 15 [Sa. 15. © 15+ 4 $5: 3] $5 18 51455125 
16. [F u. 15. 9 | 15-15 | 55. 36 55.57 [6102 5099 
| 17 4M. | 15.21 | 15. 2856. 20 56:45 0455013 
| 18 [Tu. | 15.35 | 15. 42 57 11 57.38 [49804946 
119 [W. | 15-50 15,6858. 7 | 58. 36 49194874 
| 20 [Th. | 16, 6 | 16-14 59. 5 | 59 34 48384802 
3 — 33 —— — — — — þ | 
21 IF. 16, 21 | 16. 28 | 66. 1 | - 60. 26 [4790 77 6 
22 [Sa. | 15,34 | 16. 39 60. 48 61. 7 4714 46911 

23 |Su. -| 16,43 | 16. 46 61. 22 61:32 46734661 

| 24 |M. | 16, 47 | 16. 47 | 61.37 | 61.37 46564656 
25 [Tu. 16,46 | 16.43 | 61:32 | 61. 22 45614673 
26 [W. 16. 30 16. 34 61. 75 | 60. 49 46914712 
27 [Th. | 16. 28 [ 16.22 | 60.27 | 60. 3 47394768 
28 [F. | 16.14 | 16. 75 | 59+. 36 | $9. 8 48004834 
29 Sa. 15.59 | 15-51 | 58. 39 58. 10 48704906 
30 Fu. | 15.43 | 15.36 | 59-42 | 57-15 [4941 [4975 

| 31 M. 1 15. 29 | ' 15.22 | 56. co | 56. 25 .1,005| 5038 
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IDecember. [16] 3. 27. 40 0,33 [|| 3. 29» 30 o. 34 20. 50 
2. | I . 27+ 58 O. % * 2Q» O0. 3. O. 8 
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EXPLANATION and USE 


| OF THE 
A 


ASTRONOMICAL and NAuTICAL EPHEMERIS, 


T may be proper firſt to premiſe, that all the Calculations 
1 of the Ephemeris are made according to apparent Time 
by the Meridian of the Royal Obſervatory at Greenwich: 
And the Sun's, Planet's, and Moon's Places, with the Par- 
ticulars depending on them in the 2d, 4th, 5th, 6th, and 
7th Pages of each Month, are computed to the Inſtant of 
apparent Noon, or that of the Sun's Center paſſing the Me- 
rician of Greenwich. 

Apparent Time, at any Place, is that deduced immediately 
from the Sun, whether from the Obſervation of his paſſing the 
Meridian, from his Altitude obſerved at a Diſtance from the 
Meridian, or from his obſerved Riſing or Setting. This Time 
is different from that ſhewn by Clocks and Watches well 
regulated at Land, which is called equated or mean Time, 
This will be explained when we come to treat of the Equa- 
tion of Time. | 

The Day is here ſuppoſed, according to the Method of 
Aſtronomers, to begin at Noon, or 12 Hours later than the 
civil Day of the ſame Denomination, and to be counted up to 
24 Hours or the ſucceeding Noon, when the next Day begins. 
Thus the Day of the Month and the Hour of the Day are 
the ſame in this Method as in the civil Account at Noon, 
and from Noon till Midnight; but from Midnight till Noon 
they differ ; for whereas in the civil Account a freſh Day is 
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Suppoſed to begin at Midnight, and the Hours to begin 
over again, in this Method the Day is ſtill continued bined 
Midpight, and the Reckoning of the Hours is continued up 
to 24. Thus the Diſtances put down to January 10, 1 5 
Hours belong to January 11 at Three in the Morning by civil 
Reckoning. ap „„ | 
There are 12 Pages for every Month. The firſt Column of 
the firſt Page of each Month contains the Day of the Month; 

the ſecond, the Day of the Week expreſſed conciſely by the 
initial Letter or Letters, Su. ſtanding for Sunday, M. for 
— Tu. for Tueſday, W. for Wedneſday, Th. for 
Thurſday, F. for Friday, and Sa. for Saturday: The third 
Column exhibits the Sundays and Feſtivals of the Church of 
England, and other remarkable Days: The laſt Column 
ſhews at Top the Moon's Phaſes, or the Times of New and 
Full Moon, and of the firſt and laſt Quarter or two Quadra- 
tures with the Sun: Beneath are contained miſcellaneous 
Phænomena, namely, Eclipſes of the Sun and Moon, and Oc- 
cultarions of Planets or fixt Stars not leſs than the fourth 
Magnitude, by the Moon, as they ſhould happen at Green- 
wich by the Tables; the Conjunctions of the Moon with all 
Stars not leſs than the fourth Magnitude, which can be Oc- 
cultations any where on the Globe, between the Latitudes of 
60® North and 40 South: The Entrance of the Sun into the 
ſeveral Signs, and any other remarkable Phznomena. 
The Stars are expreſſed by Bayer's Characters of Reference. 
The Conjunction of the Moon or a Planet with a Star is 
denoted by prefixing the Character of the Moon or Planet 
to that of the Star, the Time of the Conjunction being 
placed immediately after. The Caſe is the ſame with reſpect 
to the Occultatlon of a Star or Planet by the Moon, only this 
is further diſtinguiſhed by the Addition of Im. or Immerſion, 
to ſignify the Diſappearance behind the Moon; and Em, or 
Emerſion to ſignify the Re appearance of the ſame. Thus 
8d. ) 9 Vs 16d, 22/, ſignifies that the Moon will be in Con- 
junction with the Star 8 ys on the Eighth Day at 16. 22/, 
_ excluſive of Parallax : And 10d. ) u Imm. 9. 14“. Em. 

10b. 23“ ſignifies that the Moon will eclipſe e n on the 1oth 
Day, the Immerſion being at 9h. 14/, and the Emerſion at 
ee oo 


The 
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The Occultations ſet down are thoſe only viſible at Green: 
wich; the Circumſtances of which will commonly not differ 
very widely in moſt Parts of the Kingdom; but in very diſtant 
Places they will differ very much, owing to the Change of 
the Moon's Parallax, or it may become no Occultation at 
all: The like may be ſaid of Eclipſes of the Sun. | 
An Eclipſe of the Sun; or Occultation of a fixt Star by the 
Moon, if obſerved in a Place whoſe Latitude and Longitude 
are well determined, may be applied to the Correction of 
the Lunar Tables; but if made in a Place whoſe Latitude 
only is well known, may be applied to the Determination of 
the Longitude of the Place; but for this Purpoſe an accurate 
Calculation muſt be made of the Moon's Parallaxes in Lon- 
7 K and Latitude, which makes this Method of ſettling 
the Longitudes of Places, though a very accurate one, leis 
convenient in uſe for Perſons not much verſed in aſtronomical | 
Calculations. However, this ought not to diſcourage Tra- | 
vellers or Mariners from endeavouring to make theſe Obſer- 
yations as often and as carefully as poſſible, when they ſhall 
happen to be at any Place whoſe Longitude they have Reaſon 
to think has not been well ſettled ; ſince the neceſſary Cal - 
culations may be made at any Time afterwards by themſelves, 
at Leiſure, or referred to the Skill of Aſtronomers and Ma- 
thematicians. 
Eclipſes of the Moon are not liable to this Inconvenience z 
the Longitude of any Place, where the Eclipſe has been ob- 
ſerved, being deduced immediately by taking the Difference 
of the Time of the Obſervation and that ſet down in the 
Ephemeris, and converting it into Degrees, at the Rate of 
159 to one Hour, Cr. or more briefly by Table XIV. p. 38 
of the 2d Edition of the Tables requiſite to be uſed with 
the Ephemeris. But, as the Beginning or Ending of an 
Eclipſe of the Moon cannot be generally obſerved nearer than 
One Minute, and ſometimes Two or Three Minutes of 
Time, the Longitudes of Places cannot be certainly deter- 
mined by this Method from a fingle Obſervation of the-Be- 
ginning or End nearer than a Degree. Even this Point of 
Exactneſs will often be of great Service, If both the Begin- 
ning and End of the Eclipſe be obſerved, a greater Degree os 
Exactneſs will be attained, . | 
Ee, 3 The 
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The Conjunctions of the Moon with the Planets, or fixt 
Stars nct leſs than the fourth Magnitude, which may prove 
Occultations in ſome inhabited Parts of the Globe, are evi- 
dently deſigned to inſtruct Mariners or Travellers to look out 
frequently for ſuch Obſervations ; which if they happen to 
prove Occultations, and are carefully obſerved, will afford a 
certain Means of determining the Longitude of the Place of 
Obſervation. 
The Two firſt Columns of the Second Page of the Month 


- _ contain the Day of the Month and Week as before; next 


follow the Sun's Longitude, right Aſcenſion in Time, Decli- 
nation, and the Equation of Time with its Difference from 
Day to Day. : ; 

The Longitude of the Sun is made uſe of in moſt of the 
ſucceeding Calculations of the Ephemeris, and may ſerve 
either to verify them, or to make other ſimilar Calculations 
at a different Time of the Day. Particularly it may ſerve, 
with the Help of the Moon's Longitude, to find the Diſtance 
of the Moon from the Sun at any Time, independent of the 
Diſtances contained in the 8th, gth, 10th, and 11th Pages of 
the Month. To find the Sun's Longitude at any Time dit- 
ferent from Noon, Proportion muſt be.made according to 
its daily Increaſe : Saying, as 24*. is to the Hour from Noon 
reckoned by the Meridian of Greenwich, ſo is the daily 
Variation of the Sun's Longitude, to a fourth Number; which 
added to the Sun's Longitude at the preceding Noon, gives 
the true Longitude at the given Time. : 

If the Time given be that of a Meridian different from 
Greenwich, it muſt be firſt reduced thereto, by adding or 
ſubſtracting the Difference of Longitude turned into Time 
(at the Rate of One Hour to 1557. and One Minute of 
Time to 15 Minutes, or more briefly by Table XIV. p. 38, 
of the Requiſite Tables) according as the Place is to the 
Welt or to the Eaſt of Greenwich. Example: Suppoſe any 
one ſhould want to know the Sun's Longitude, January 19, 

1767, at 4". 35 being in 219. 15“, Longitude Eaſt of Green- 
wich. The Difference of Longitude turned into Time is 

19, 25), which ſubſtracted from 4*. 35', becauſe the Place 
is Eaſt of Greenwich, leaves 3*. 10', for the Time reduced to 
the Meridian of Greenwich, The Sun's Longitude the — 
8 ceding 
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ceding Noon is 98. 295. 18“. 2”, and the following Noon is 10˙. 
05. 19“. 4”. the Difference is, 19. 1“. 2”, or 61“. 2”, the d 
Variation. Then ſay, as 24". is to 30. 10“, ſo is 61/, 2”, to 87.5, 
which added to 98. 299. 18“. 2”, the Sun's Longitude on the 
preceding Noon, gives 9*. 299. 260. 5%, the Sun's Longitude at 
the Time given. In like Manner any other of the following 
Articles is to be found by the Help of the Ephemeris. 

The Sun's Longitude ſerves alſo to compute the Aberration 
of the fixt Stars and Planets | 

The Sun's right Aſcenſion in Time is uſeful to the practical 
Aſtronomer in reguler Obſervatories, who adjuſts his Clocks 
by ſidereal Time. It is alſo uſeful to him for converting ap- 
parent into ſidereal Time; as ſuppoſe that of an Eclipſe of 
Jupiter's Satellites, in order to know at what Time it may be 
expected to happen by his Clocks: For this Purpoſe the Sun's 
right Aſcenſion at the preceding Noon, together with the In- 
creaſe of right Aſcenſion from Noon, muſt be added to the 
apparent Time of the Phænomenon ſet down in the Ephe- 
meris. : 

The Sun's right Aſcenſion in Time ſerves alſo to compute 
the apparent Time of a known Star's paſſing the Meridian: 
Thus, ſubſtract the Sun's right Aſcenſion in Time at Noon 
from the Star's right Aſcenſion in Time, the Remainder is 
the apparent Time of the Star's paſſing the Meridian nearly; 
from which the proportional Part of the daily Increaſe of 
the Sun's right Aſcenſion for this apparent Time from Noon 
being ſubſtracted, leaves the correct Time of the Star's paſſ- 
ing the Meridian. 

Hence the apparent Time may be found from an obſerved 
Altitude of a known fixt Star, ſuppoſe one contained in Page 
7, of the Requiſite Tables; as will be explained hereafter. 

The Sun's right Aſcenſion in Time is alſo uſeful for com- 
puting the Time of the Moon'and Planets paſſing the Meri- 
dian, as will be ſhewn under their proper Articles. 

The Sun's Declination is neceſſary to find the Latitude. 
whether at Sea or Land, from the Meridian Altitude ob- 
ſerved it is allo requiſite for finding the Latitude from Two 
Altitudes obſerved with the Interval of Time meaſured by a 
Watch ; it ſerves for computing the- Sun's Azimuth, having 
his Altitude and the Latitude of the Place given, in order 
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to find the Variation of the Compaſs; it is required, joittly 


with'the 'Latitude of the Place and the Sun's horary Angle; 
40 compnte bis Altitude, if neglected to be obſerved at the 
Time of taking the Moon's Diſtance from the Sun for find- 
ing the Longitude, being uſeful to. facilitate the Calculation 
of the Effect of Refraction and Parallax upon the Diſtance ; 
it is alſo neceſſary to calculate the apparent Time from an 
obſerved Altitude of the Sun at a Diſtance from the Meri- 
dian, the Latitude being given; or to compute the Time 
the Sun's Setting or Riſing; which, though a leſs ac- 
curate Method than the former of obtaining the Time, may 
yet be uſeful when that cannot be had. For any of theſe 
Purpoſes the Sun's Declination muſt be found to the Time 
given nearly reduced to the Meridian of Greenwich, making 
Proportion according to the daily Increaſe or Decreaſe, in like 
Manner as was ſhewn with reſpect to the Sun's Longitude. 
The Equation of Time is a Correction, which added to 
or ſubſtracted from the apparent Time (according to its Title 
at the Top of the Column) gives equated or mean Time, or 
that which ſhould be ſhown by a good Clock or Watch. 
Apparent Time is that which takes its Beginning from the 
Paſſage of the Sun's Center over the Meridian of any Place; 
and had the Sun no Motion in the Ecliptic, or was his Mo- 
tion reduced to the Equator or in right Aſcenſion uniform, 
he would always return to the Meridian after equal Intervals 
of Time. But his apparent Motion in the Ecliptic being 
continually varying, and his Motion in right Aſcenſion being 
rendered further unequal on account of the Obliquity of the 
Ecliptic to the Equator, from theſe Cauſes it ariſes that the 
Totervals of his Return to the Meridian become unequal, and 
the Sun will gradually come too flow or too ſoon to the 
Meridian for an equable Motion, ſuch -as that of Clocks and 
Watches ought to be. 0 5 
This Retardation or Acceleration of the Sun's coming to 
the Meridian js called the Equation of Time, and is con- 
tained in the laſt Column but One of Page 2d ; and when 
applied according to its Title to the apparent Time, or that 
deduced immediately from the Sun, gives the mean or equated 


Time, whence the Error of a Clock or Watch may be found; 
and, if required, it may be corrected. 


if 
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If it he propoſed to convert mean Time into apparent, thi 
is done by a centrary Proceſs, by applying the Equation 
Time to the mean Time given, with its Title or Sign changed; 
vis. ſubſtracting inſtead of adding, and adding inſtead of 
ſubſtracting. f 

The Equation of Time being ſet down in the Ephemeris 
for Noon at Greenwich, Proportion muſt be made, ac- 
cording to the daily Difference, to find what it ſhould be 
at any given Time reduced to the ſame Meridian, as in the 
receding Articles. The laſt Column of this Page, contain - 
ing the daily Differences of the Equation, is deſigned for 
this Purpoſe, | | | 
As often as it may be required to make any Calculationg 
from aſtronomical Tables, and the Time given be apparent 
Time; it is neceſſary firſt to apply the Equation of Time 
thereto to convert jt into mean Time, the Tables being diſ- 
poſed according to mean Motions, Thus the Articles con- 
tained in the. Ephemeris anſwering to Noon were computed 
to of, increaſed, or 24 Hours of the preceding Day dimi- 
niſhed, by the Equation of Time: And the Moon's Places 
ſet down for Midnight were computed to 120. increaſed or 
diminiſhed by the Equation of Time. | | 
What has been ſhewn concerning the Equation of Time 
chiefly reſpe&s the Aſtronomer, the Mariner having nothing 
to do with it in computing his Longitude from the Moon's 
Diſtances from the Sun and Stars abſerved at Sea with the 
Help of the Ephemeris, all the Calculations thereof being 
adapted to apparent Time, the ſame which he will obtain 
by the Altitudes of the Sun or Stars in the Manner hereafter 
preſcribed, ; 

But if Time-keepers ſhould be brought into Uſe at Sea, the 
apparent Time deduced from an Altitude of the Sun muſt be 
corrected by the Equation of Time, and the mean Time 
found compared with that ſhewn by the Watch; the Diffe- 
rence will be-the Longitude in Time from the Meridian by 
which the Watch was ſet, as near as the Going of the Watch 
can be depended upon. | 

The Equation of Time is computed in the Manner ex- 
plained in my Remarks upon that Subject, in the Philoſ. 
8 TFuanſact 
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Tranſact. Vol. liv. P. 342, for the Year 1764; namely, by 
taking the Difference of the Sun's true right Aſcenſion, and 
his mean Longitude corrected by the Equation of the Equi- 
noxes in right Aſcenſion, and turning it into Time at the 
Rate of 1'.to 15”. &c. The Equation of Time will be addi- 
tive or ſubſtractive as the Sun's true right Aſcenſion is greater 
or leſs than his mean Longitude, g 
The Semidiameter of the Sun, Page 3d, is neceſſary to re- 
duce the obſerved Altitude of his upper or lower Limb to 
that of the Center; alſo to reduce the obſerved Diſtance of 
the Moon's neareſt Limb from the Sun's neareſt Limb to the 
Diſtance of the Centers. It is alſo uſęful to Aſtronomers to 
verify or aſcertain the Exactneſs of the Scale of their Micro- 
meters, by Compariſon with the Meaſure of the Sun's hori- 
zontal Diameter. This Practice is particularly uſeful in ſolar 
Eclipſes, when the Diſtance of the Cuſps or the Verſe Sine 
of the uneclipſed Part has been meaſured with the Micro- 
meter. 'The Semidiameters of the Sun in Mayer's Tables, on 
which all the Calculations reſpecting the Sun and Moon are 
made, ſuppoſe the Semidiameter at the mean Diſtance to be 
16. 2/', 8. which Mr. Mayer ſays he deduced from above 130 
Obſervations taken with his Six Feet mural Quadrant, which 
| feemed to him not ill adapted to the Purpoſe. It may not 

be amiſs to take this Opportunity to remark, that the Qua- 
drant here mentioned was given to the Univerſity of Gottin- 
gen by his late Majeſty, and was made by that ingenious 
Artiſt the late Mr. John Bird after the Model of the Eight 
Feet mural Arch, which he finiſhed for the Royal Obſervatory 
at Greenwich, and put up there in the Year 1750. Mr. Mayer 
made his Obſervations with his Six Feet mural Arch, from 
the Year 1756, to the Time of his Deceaſe; with it he ſettled 
the mean Obliquiry of the Ecliptic to the Beginning of the 
Year 1756, at 23%. 28“. 16/7, which Dr. Bradley ſettled by 
his Obſervations, reduced to the Year 1750, at 239. 28 


18”, The Difference is agreeable to what ought to ariſe 
from the gradual Diminution of the Obliquity of the Ecliptic 
at the Rate of about : a Second in a Year. The ſame In- 
ſtrument he alſo uſed in ſettling the Elements of his ſol 
Tables; and it is moſt probable that with the ſame he ſettle 
his Table of RefraCtions at the End of his ſolar Tables; the 


Agreement 


| L 153 J 
A of this Table with Dr. Bradley's, ſee Page 1ſt of 
Requiſite Tables (being both ſuited to the ſame Temperature 
of the Air) is ſo great, that they ſeem rather like One and the 
ſame than Two different Tables. : 
The Time of the Sun's Semidiameter paſſing the Meridian 
ſerves to reduce an Obſervation of a Tranſit of the preceding 
or ſubſequent Limb over the Meridian to that of the Center, 
when only One was obſerved. It ſignifies a Portion of appa- 
rent Time, or even mean Time, the Difference being abſolutely 
inſenſible upon ſo ſmall an Interval. It is found thus: In- 
_ creaſe the Sun's Semidiameter in the Ratio of the Coſine of his 
Declination to the Radius, to find his Semidiameter in right 
Aſcenſion, which turned into Time at the Rate of 1' to 1. 
and 1” to 15”, gives the Time required. The Sun's Semi- 


diameter in right Aſcenſion is readily found by adding the 


Log. Coſine of his Declination to the logiſtic Logarithm of 
his Semidiameter, the Sum is the logiſtic Logarithm of his 
Semidiameter in right Aſcenſion ; which divided by 15 gives 
the Time of his Semidiameter paſſing the Meridian. If the 
Clock by which the Obſervation is made be regulated ac- 
cording to the ſidereal Time, this Quantity muſt be in- 


creaſed ia the Ratio of 365 to 366, if great Preciſion is re- 


quired, 


From the Time of the 8un's Semidameter paſſing the Me- 


ridian may alſo be found the Time of its paſſing the horizon- 


tal or vertical Wire of a Quadrant or Sextant, which on ſome 


Occaſions may have its Uſe. —The hourly Motion of the Sun 
is uſeful ia computing ſolar-and lunar Eclipſes; alſo in cor- 
recting the aſſumed Longitude of the Ship, in order to find 
the Time from an Obſervation of the Diſtance of the Moon 


from the Sun, iadependent of the Diſtances contained in the 


Nautical Ephemeris; See Britiſh Mariner's Guide, P. 49, 
and Table at the End of the ſame, Page 25. The Logarithm of 
the Sun's Diſtance is uſeful in the Calculation of the Places 
of the Planets and Comets. The Place of the Moon's Node 
ſignifies its mean Longitude, and is neceſſafy for finding the 
Equation of the equinoCtial Points both in Longitude and 


right Aſcenſion, the Equation of the Obliquity of the Eclip» 


tic, and the Deviations of the fixed Stars in right Aſcenſicn 


and Declination. | 
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The Eclipſes of Jupiter's Satellites are well known to af- 
ford the readieſt, and for general Practice the beſt Method of 
ſettling the Longitudes of Places at Land; and it is by their 
Means principally that Geography has been ſo much reformed 
within a Century paſt, and the Poũtion of the moſt diſtant 
Places determined with equal Accuracy to the neareſt. It 
was hoped that ſome Means might be found of uſing proper 

Teleſcopes on Shipboard to obſerve theſe Eclipſes; and could 
this be effected, it would be of great Service in aſcertaining 
the Longitude of a Ship from time to time. In my Voyage 
to Barbadoes under the Direction of the Commiſſioners of 
Longitude, in 1763 I made a full Trial of the late Mr. Ir- 
win's Marine Chair propoſed for this Purpoſe, but could 
not derive any Advantage from the Uſe of it; and, con- 
ſidering the great Power requiſite in a Teleſcope for mak - 
ing theſe Obſervations well, and the Violence as well as 
Irregularities of the Motion of a Ship, I am afraid the com- 
plete Management of a ns rag, on Shipboard will always 
remain among the Deſiderata. However, I would not be un- 
derſtood to mean to diſcourage any Attempt founded upon 
good Principles to get over this Difficulty, 

The Teleſcopes proper for obſerving the Eelipſes of Jupi- 
ter's Satellites, are common refracting Teleſcopes from 15 10 
20 Feet, reflecting Teleſcopes of 18 Inches or Two Feet focal 
Length, and Teleſcopes of Mr. Dollond's Conſtruction with 
Two Object Glaſſes from 5 to 10 Feet; or, which are ſtill 
more convenient, thoſe of 46 Inches focal Length, conſtructed 
with Three Object Glaſſes, which are as manageable as re- 
flecting Teleſcopes, and perform as much as thoſe which he 
makes of 10 Feet with Two Object Glaſſes. 

The Eclipſes of Jupiter's Satellites are obſerved by Aſtro- 
nomers at Land, as well in order to provide Materials for 
improving the Theories and Tables of their Motions, as for 
the ſake of Compariſon with the correſponding Obſervations 
which may be made by Perſons in different Parts of the Globe, 
whereby the Longitude of ſuch Places will be accurately af- 
certained. It is indeed to be lamented that Perſons, who viſt 
diſtant Countries, are not more diligent to multiply Obſerva- 
tions of this Kind; for want of which, the Obſervations made 
by Aſtronomers in etabliſheg Obſervatories loſe Half N 

c 
lle; 
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Uſe, and the Improvement of Geography is retarded, But 
it is to be hoped that an Emulation will ſpring up — 
thoſe who may have Opportunities of rendering ſo uſe 
a Service to the Public, to incite them to watch diligently 
for the Occaſions of obſerving theſe Eclipſes carefully, parti- 
eularly of the Firſt and Second, which are moſt exact for the 
Purpoſe. The Eclipſes, carefully calculated and ſet down 
in the Ephemeris, will ſerve to advertiſe them and Obſervers 
in general of the Times when they ſhould attend to theſe Ob-- 
ſervations. The Perſon, who ſhall be under any Meridian dif- 
terent from Greenwich, muſt turn his Difference of Longitude 
into Time: See Requiſite Table, P. 38, and add it to or ſub- 
ſtract it from the Time of the Eclipſe ſet down in the Ephe- 
meris, according as he is to the Eaſt or Weſt of Greenwich, to 
find the, apparent Time at which the Eclipſe will happen at 
his Meridian, nearly. He muſt further take care to regulate 
his Watch or Clock by apparent Time, or at leaſt to know - 
the Difference, as well in order to apprize him of the Time to 
took out for the Eclipſe, as for aſcertaining the apparent 
Time exactly at which he ſhall obſerve it. Equal Altitudes 
of the Sun or Stars taken with an Aſtronomical Quadrant af- 
ford the beſt Means of regulating Clocks and Watches for oc- 
caſional Obſervations; or they may be taken with a Hadley's 
Quadrant, by Reflection from a Baſon of Water or Quick- 
{ilver, or from the Horizon of the Sea, if the Obſerver has an 
open Proſpect, and is not elevated above 5 or 6000 Feet above 
the Level of the Sea. But, if Opportunity does not admit of 
taking equal Altitudes, the Time may be determined from 
One Altitude taken in any of the Methods above-mentioned, 
at leaſt Two or Three Points of the Compaſs diſtant from 
the Meridian, but the nearer to the Eaſt or Weſt the better, 
the Latitude of the Place being known, or being found by 
Obſervations of the Meridian Altitude of the Sun or Stars 
made on Purpoſe. It will be better to take ſeveral Altitudes 
in order to take a Mean of the Reſults for greater Certainty. 
And if one Star be obſerved to the Eaſt and the other to the 
. Weſt of the Meridian, the Time will be determined with 
rather more Certainty. The Manner of computing the ap- 
parent Time from the Altitude of the Sun or a Star is ſnewn 
in Problems VIII. and IX. Pages 25 and 26 of the Expla- 
nation and Uſe of the Requiſite Tables. | 
2 The 
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The Obſerver, being in a Place whoſe Longitude is well 
known, ſhould be ſettled at his Teleſcope Three Minutes be- 
fore the expected Time of an Immerſion of the firſt Satellite; 
Six or Eight Minutes before that of the ſecond and third Sa- 
tellites ; and a Quarter of an Hour or more before that of the 
fourth Satellite; chiefly on account of the Uncertainty of their 
Theories ; but, if the Longitude of the Place is very uncer- 
tain, he muſt begin to look out for the Eclipſe proportion- 


_ ably ſooner: Thus, if the Longitude of the Place is uncertain 


to 3 Degrees, anſwering to 12 Minutes of Time, he ought to 
fix himſelf to his Teleſcope 12 Minutes ſooner than is men- 
tioned above, Nevertheleſs, when he has obferved One 
Eelipſe of any Satellite, and thereby found the Error of the 
Tables, he may allow the ſame Correction to the Calcula- 
tions of the Ephemeris for ſeveral Months, which will adver- 
tife him very nearly of the Time of expecting the Eelipſes 
of the ſame Satellite, and diſpenſe with his attending ſo 
long. EN | 
The Immerſions ſignify the Inſtant of the Diſappearance of 
the Satellite by entering into the Shadow of Jupiter; and the 
Emerſions ſignify the firſt Inſtant of its Appearance at coming 
out of the ſame. They generally happen when the Satellite 
is at fome Diſtance from the Body of Jupiter, except near 


the Oppoſition of Jupiter to the Sun, when the Satellite ap- 


proaches nearer to his Body. Before the Oppoſition of Ju- 
piter to the Sun the Immerfions and Emerfrons happen on 
the Weſt Side of Jupiter, and after the Oppoſition on the Eaſt 
Side; but, if an aſtronomical Teleſcope be ufed, which re- 
verſes Objects, the Appearance will be directly the contrary. 
Before the Oppoſition, the Immerſions only of the firſt Sa- 


tellite are viſible; and after the Oppoſition, the Emerſions 


only. The ſame is generally the Caſe with reſpect to the 
ſecond Satellite; both the Phænomena of the ſame Eclipſe 
are frequently obſervable in. the Two outer Satellites. The 
Immerſions and Emerſions marked with an Aﬀeriſk in the 
Ephemeris are thoſe viſible at Greenwich. 

To know if an Eclipſe will be viſible in any Place, find 
Whether Jupiter be 8 above the Horizon of the Place, and the 
Sun as much below it. This may be done near enough by a 


| celeſtial Globe: Otherwiſe, the Time of the Sun's Riſing and 


Setting 


7 J 


Setting may be found for any Latitude by a Table of ſemi 


diurnal Arcs, contained in the popular Book called the Ma- 


riner's Compaſs Rectified, and many other Books; the Time 
of Jupiter's Riſing and Setting may alſo be found from the 
Time of his paſſing the Meridian and Declination ſet down 
in the Ephemeris, with the Help of the ſame Table of ſemi- 
diurnal Arcs; adding or ſubſtracting the ſemidiurnal Are 
anſwering to the ſame Declination of the Sun : Rememberi 
always, that if Jupiter's Declination and the Latitude of the 
Place are of the ſime Denomination, the ſemidiurnal Arc will 
be more than Six Hours, and if they are of contrary Deno- 
minations; will be leſs than Six Hours. But it may be eaſier 
found whether the Eclipſe will be viſible at Greenwich, or 
whether it ſhould be properly marked with an aſteriſk, by 
= Tables, P. 28—31, annexed to the Nautical Almanas 
OT 1772. 

The immerſion or Emerſion of any Satellite being carefully 
obſerved in any Place according to apparent Time, the Lon- 
gitude from Greenwich is found immediately by taking the 
Difference of the Obſervation from the correſponding Time 
ſhewn in the Ephemeris, which muſt be turned into Degrees, 


&c. by Requiſite Tables, Page 38; and will be Eaſt or Weſt 
of Greenwich, as the Time obſerved is more or leſs than 


that of the Ephemeris. do 

Example ; Suppoſe an Emerſion of the firſt Satellite ſhould 
be obſerved at the Cape of Good Hope, May 9, 1767, at 
105. 46“. 45. apparent Time: The Time by the Ephemeris 
being 9®. 33/. 12”, the Difference is 1b. 13“. 33”, whence 
the Longitude of the Cape ſhould be 189. 23. 15”, Eaſt of 
Greenwich, becauſe the Time ſuppoſed to be obſerved at the 

Cape is more than that of the Ephemeris. 
It is to be obſerved that a correſpondent Obſervation of an 
Eclipſe of a Satellite of Jupiter, made under a well-known 
Meridian, is to be preferred to the Calculations of the Ephe- 
meris for comparing with an Obſervation made in a Meridian 
whoſe Longitude is required; but if no correſponding Obſer- 
vation can be obtained, as is frequently the Caſe, it will be 
beſt to find what Correction the Calculations of the Ephe- 
meris require by the neareſt Obſervations to the given Time 
that can be obtained ; which Correction applied to 22 
culation 


Eo, x ·¶ů¶ our — — — 
eee * 
8 


- 97% ILUVuP ! — 


ay - 

evilatioh of the given Eclipſe in the Epherneris, render it 
almoſt equivalent to an actual Obſervation. eto 

The Longitudes and Latitudes of the Planets, Pape 4; 
ferve to know where to look for them in the Heavens, and 
when their Places may be conveniently ſettled by comparing 
them with fixed Stars by the Help of a Micrometer in a Tele- 
ſcope. They alſo ſhew when they are in the moſt important 
Points of their Orbits, where it is moſt material ro obſerve 
them. They alſo ſerve to enable Perſons leſs ſkilled to diſ- 
tioguiſh them from the fixed Stars. Their Declinations and 
the apparent Times of their paſſing the Meridian are parti- 
cularly uſeful to Aſtronomers who are furniſhed with Qua- 
drants and Tranſit Inſtruments well fixed in the Meridian, in 
ſetting their Inſtruments for obſerving their right Aſcenſions 
and Declinations. | VF; | 

The apparent Time of a Planet's paſſing the Meridian may 
be computed thus; the Planet's right Aſcenſion being calcu- 
lated from its Longitude and Latitude, and turned into Time; 
ſubſtract the Sun's right Aſcenſion at Noon in Time from it, 
to find the Time of the Planet's paſſing the Meridian nearly; 
which call T; take the Difference of the © and Planet's daily 
Variations in right Aſcenſion in Time; if the Planet is pro» 
greſſive in right Aſcenſion; or the Sum, if it is retrogade, 
which call X; then ſay, by the Rule of Proportion 

As 24. + X: T:: X: e and T. e will be the correct Time 
of the Planet's paſſing the Meridian. The upper Signs are to 
be uſed both to X and e if the Planet's progreſſive Motion in 
right Aſcenſion be greater than that of the Sun; in any other 
Caſe the lower Signs are to be made Uſe of, 

But perhaps it may be found more readily by continual - 
Approximation as follows : Take the proportional Part of the 

Difference or Sum of the © and Planet's daily Motion in 
right Aſcenſion, anſwering to the Time of the Planet's paſſing 
the Meridian, found nearly, in Proportion to 24®. and take a 
further like proportional Part of this proportional Part; and 
again of this laſt, and ſo on as far as is neceſſary. The Sum 
of all theſe proportional Parts added to the Time of the Plas 
net's paſſing the Meridian found nearly, if the Planet's pros 
greſſive Motion in right Aſcenſion is greater than that of the 
Sun, otherwiſe ſubſtracted, gives the apparent Time of the 
Planer's paſſing the Meridian. | 

, Example:; 
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Example: Let it be required to find the Time of the 
Moon's paſſing the Meridian, July 1, 1767. | 
Ib be Sun's right Aſcenſion in Time July 1ſtis, 6*, 40“. 25%. 
and July 2d, 6. 44'. 33. by the Ephemeris. Therefore his 
daily Motion in right Aſcenſion is 4*. 8“. The Moon's right 
Aſcenſion July iſt at Noon by the Ephemeris is1 59?. 2. an- 
ſwering to 100. 36”, 8/7. of Time, and July 2d is, 169®. 39/. 
anſwering to 11*, 187. 36“/. The Difference is, 42. 28”. of 
Time, from which 4. 8". being ſubſtracted, leaves 38/. 20”. 
Subſtract 6d. 40“. 20/7, the Sun's right Aſcenſion July iſt at 
Noon, from 19?. 3&. 8”. the Moon's right Aſcenſion the ſame 
Noon, the Remainder 3*. 55. 43”. is the Approximate Time 
of the Moon's paſſing the Meridian, The proportional Part 
of 387. 20”. anſwering to this, is G. 17 /. and the proportional 
part of 6. 17“. is 9“; therefore G. 17”. and 9”. or 6. 26”. 
added to 3". 55'. 43”. give 4". 2“. 9”. the apparent Time 
of the Moon's paſſing the Meridian. In the Ephemeris it is 
4". 2'. It may alſo be computed by taking the Difference 
of the Moon's right Aſcenſion at Noon and Midnight, 
but then Half the Sun's daily Variation in right Aſcenſion 
muſt be made uſe of, and Proportion muſt be made for 12 
inſtead of 24 Hours: and if the Moon paſſed the Meridiag 


after Midnight, the Sun's right Aſcenſion at Midnight muſt 


be uſed, which is a Mean between his right Aſcenſions on the 
preceding and ſubſequent Noon. For the Planets, it will be 
ſufficient to take the firſt proportional Part only. 

The Days of the Oppoſitions, Quadratures, &c, of the 
Planets to the Sun, are Times at which they ought to be ob- 
ſerved in fixed Obſeryatories, for ſettling the Elements of 
their Orbits by a Series of ſeveral Years Obſervations, 

The 5th, 6th, 7th, 8th, gth, 1oth, and 11th Pages of 
each Month contain the Moon's Place, and all the Circum- 
ſtances relating to her Motion, and her Diſtances from the 
Sun and proper Stars, from which her Diſtance ſhould be 
obſerved for finding the Longitude at Sea. The Longitude, 
Latitude, and Declination of the Moon, and Time of her 
paſſing the Meridian, afford the like Uſes with the ſame 
Circumſtances of the Planetary Motions, and many more be- 
ſides. For the fake of greater Preciſion, the Moon's Longi- 
ade, Latitude, Right Aſcenſion, Declingtion, Semidiameter, 

Be. ; | horizontal 
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horizontal Parallax, with its proportional Logarithm, are 
computed Twice a Day, to Noon and Midnight, and may 
readily be inferred to any intermediate Time with the great- 
eſt Exactneſs. 4 7 | „ 

Example: Let it be required to find the Moon's Longitude 
and Latitude, &c. July 16, 176), at 16. 22“. 16”. Firſt to 
find the Longitude. The Moon's Longitude, July 16, at 120. 
is oi. 69. 40“. 25”. and July 17 at Noon, o'. 13*. 4. 48%. 
the Difference 7. . 23”. is the Moon's Motion in 12 Hours; 
ſay then, by the Rule of Proportion, | 

As 12d, is to 4. 22/, 16'(the exceſs of 16*. 22/. 16” above 
12h.) ſo is 7%. 7'. 237. to 29. 35/. 41”. but this muſt be cor» 
rected on account of the Moon's unequal Motion in 12 
Hours, by the Table of Equation of ſecond Difference an- 
nexed to Mr. Taylor's Sexageſimal Table, P. 244—247 : 
for this Purpoſe take out of the Ephemeris the Two Longi- 
tudes of the Moon next preceding the given Time, and the 
Longitudes immediately following it, and ſet them down in 
Order one after another, as follows; 


in Dif. [2d Diff 


— 


| | . * * 18) 
July 16, Noon 11.29. 29.34 | 
 * Midnight o. 6.4.2807. 3.28 
17, Noon 0. 13.47.4807 1-23 3.44 
_ Midnight 0. 20. 51. 27 7 3:39 | | 


Take their Differences, 7*. 10/0. 51”, 4®. /. 23, 7.3“. 39", 
take the Differences of theſe Differences, or the 2d Differ- 
ences 3'. 28”; 3/. 44%. and take their Mean which is 3/. 36”. 

Now loak for the Equation of ſecond Difference, anſwering 

to 4". 22 after Midnight, found on the Side, and 3“. 36“ at 
Top, which will be found = 24", and which, according to 

the Remark at the Bottom of the Table, muſt be added 
to 2. 35/. 41”, the firſt proportional Part, becauſe the Mo- 

tion in 12 Hours or firſt Differences are decreaſing ; the Sum 
2*. 36'. 5” added to os. 6*. 4o/. 25”, the Moon's Longitude 

at Midnight, gives o'. 99. 100. 30% the Moon's true Longi- 

tude, and is as correct as the Longitudes from which it is 

N. p. 
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N. B. If the firſt Differences of the Four Longitudes of the 
Moon taken out firſt increaſe and then decreaſe, or, vice 
verſa, firſt decreaſe and then increaſe, take Half the Differ- 
ence of the Two ſecond Differences for the Mean ſecond Dif- 
ference, with which- take out the Equation of ſecond Dif- 
ference, and add or ſubſtract it as the Firſt firſt Difference 
is greater or leſs than the Third firſt Difference, 

To find the Moon's Latitude. Take out of the Ephemeris 
the Two Latitudes preceding and Two following the given 
Time, and ſet them down in Order, and take their firſt and 
ſecond Differences, and the Mean of the Two ſecond Differ- 
ences; find the proportional Partof the Middle firſt Difference - 
anſwering to the Hours and Minutes, &c. of the given Time 
after Noon or Midnight; which correct in the following Man- 
ner: Entering Table of Equation of ſecond Difference, Pag. 
244—247, with the Hour from Noon or Midnight on the 
Side, and the Mean ſecond Difference at Top, take out 
the correſponding Number of Seconds, which added to or 
ſubſtracted from the proportional Part found above, ac- 
cording as the Motion in 12 Hours or firſt Difference is de- 
creaſing or inereaſing; or, more generally, according as Firſt 
firſt Difference is greater or leſs than Third firſt Difference, 
gives the proportional Part eorrected; which now added to 
or ſubſtracted from the Moon's Latitude at the preceding 
Noon or Midnight, as the Latitude in theſe 12 Hours is in- 
creaſing or decreaſing, gives the Moon's Latitude correct. 

Example: The Moon's Latitude is required, July 16, 
$6 a. 180. | | 


'V'sLat. by} 1 Mean of 
the Ephem. It ſt Dif, 2d Dif.] ad Pif. 
P M Rh 7 / "= 
uly 16, Noon 4.31. 10N. 3, 
; Midnight 4.49.30 2 4.36 
17, Noon 5, 3.26 3.8 4.44% 
Midnight 5. 14.32 80 0 


The Moon's Latitude July 16 at Midnight being 4“. 40“. 
36, N. and the Motion in the next 12 Hours being 13“, 50“, 
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.As'12).”isto.4"; 22“. 16, ſo is 13“, 50“ to 5% 2/4 but this 
muſt be corrected by adding 3% be Equation: of ſecond Dif- 
ference, anſwering to the Hour 4". 22“, and the Mean ſecond 
Difference 4. 40% becauſe the firſt Differences are decreaſ- 
ing, or rather becauſe the firſt of them 187 26“, is greater 
than the laſt of them 9“. 6%. therefore. the proportional 
Part corrected is 5“. 2 2+ 32=15'. 34, which added to 
49. 49. 36“, gives 45. 5 90% N. the Moody Perg 
cqpcect. . 

Remarks on ade are neceſſary to 1 attended: 
to, in order to obtain and apply the Cori ection of ſecond 
Differences rightly in computing the, Moon's Latitude. 

J. If the Moon's, Latitude taken out of the Ephemerĩs for 
Noon and Midnight changes its Denomination from North 
to South or from South to North, the Sum of the TWO Lati- I 
tudes of contrary: Denominations, where the Change ha ppeus, 
is. to be accounted the firſt Difference in that Place. 

II. If the Three firſt Differences firſt increaſe and then de- 5 
creaſe, or vice ver{a; firſt decreaſe and then increaſe, Half the 
Difference of the Two ſecond. Differences is to be taken tor 

the Mean ſecond Difference. 

III. If the Series of Four I atitudes. taken out. ſhould firſt? 
increaſe and then decreaſe about the Moon's greateſt Latitudes, 
take the Sum; of the Two firſt Differences ſtandiog on each 
Side of the greateſt Latitude for the ſecond Difference iu that 
Place; .correct-the. Moon's Latitude at Noon or Midnight by 
the ſimple proportional Part firſt found; and to the Latitude 
ſo corrected, add always in this Caſe the Equation. of ſecond 
Difference from Pag. 244—247»; anſwering to the Mean ſe- 
cond Differences. 

Before I quit this Subject of Interpolation by ſecond Dif- 
ferences. 1 mall point out another Method, by which the 
ſame End may be obtained more readily, and with fewei 
Rules, by thoſe who are well acquainted with algebraic Sub- 
ſtraction and Addition, and the Manner of applyiog the Signs 
in thoſe Operatiohs. Subſtract each Latitude from the fol- 
lowing for the firſt Differences, to which prefix the Sign — if 
the Latitudes decreaſe;- and ſubſtract each firſt .Differenee, 
thus found, from. e-following © one of the ſame Order for the 
ſecond Difrences. Half the Sum of the Two ha” Dif- 

g erences 


1 


«2 
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feretices Randidg on each Side of the Interval to be i u 
lated, is to be accounted the mean ſecond Difference; the 
ie app correſpouding to it by Table, Pag. 244247» Þ8 | 
be applied always with-the contrary. Sign. 

— Operations are to he performed, and the Signs to 

applied as iu algebraic Subſtraction and Addition. Note 
_ if the four given Latitudes change their Denomina- 
tion, callithe ſecond Latitude +, and thoſe of a contrary De- 
nomination —. 

The Moon's Deelination may be found at any Hour in the 
fame. Manner as her Latitude; but as the Correction ariſing 
from ſecond Differences will never exceed 24, this may be 

negleeted on moſt Occaſions ; but if any one is defirous 10 
ohcain the Declination true to a Minute, the Correction is 
eaſily applied, as (hewn above. 

The other Articles of Page 6, and 7, viz. the Moon's right 
Aſcenſion, her Semidiameter, horizontal Parallax, with its 

tional Logarithm, and the Diſtances contained in the 

*our laſt Pages of the Month, may be all tound correctly 

by even Proportion, without requiring any Allowance on 
account of ſecond Differences. The proportional Part of the 
Moon's Longitude, &c. for any Hour may be found very rea- 
dily by the Help of the Table of proportional n, 
Pag. 39 — 55 of the Requiſite Tables, 
The Moon's Longitude and Latitude are uſed in computing 
her Diſtances from the Sun and Stars contained in the Four 
laſt Pages of the Month, as well as in the Appulſes to Stars 
pointed out in Page 1, and, jointly with her Parallax and 
Semidiameter, are neceſſary for computing the Eelipſes of the 
Son and Moon, and the Occultations of fixt Stars and Pla- 
nets by the Moon. They alſo facilitate the Calculation of 
the Longitude of any Place from an obſerved Eclipſe of the 
Sun, or Occultation of a Star or Planet by the Moon: Or, 
if the Meridian be well knowu, the Parallax aud Semidiameter 
ſerve to deduce the Moon's true Place in the Heavens from 
the Obſervation, which compared with that given by the 
Ephemeris ſhews the Error of the Tables at the Time. The 
Moon's Semidiameter and Parallax are applied in correcting 
almoſt all Obſervations of the Moon. The proportional Lo- 
garithms of the Moon's Parallax ſerve further to facilitate the 
Calculations of Parallaxes. 
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Tze Moon's right Aſcenſion and Declination are uſeful to 
"compute her Altitude at any Time, particularly at the Ob- 
ſervation of her Diſtance from the Sun or a Star, ſappoſing it 

Vas neglected to be or could not be obſerved properly; which 
latter Caſe may ſometimes happen in the Night, though 1 
think but rarely; the utmoſt Accuracy therein not being 

required for the Calculations of Refraction and Parallax. See 

Britiſh Mariner's Guide, Page 57, and Requiſite Tables, P. 
24. The Moon's Declination, with her Semidiameter and 

"Parallax, ſerve for finding the Latitude by the Meridian Alti- 

tude of her upper and lower Limb obſerved at Sea, See 

Britiſh Mariner's Guide, Page 93, and Requiſite Tables, Page 
15. The Moors right Aſcenſion and Declination ſetve alſo 
to compute the Time from her Altitude obſerved at the 

Obſervation of her Diſtance from a Star ; whence the Lon- 
gitude may be inferred, tho' no Altitude of the Sun or a 

Star was taken for regulating the Time. See Britiſh Mariner's 
Guide, Page 61, and Mr. Edwards's 5th Problem annexed 
to the Nautical Almanac of 1781, Page 10. | 

The Diſtances of the Moon from the Sun and fixt Stars, 
contained in the 8th, gth, 1oth, and 11th Pages of the 

Month, are ſet down to every Three Hours of Apparent 

Time by the Meridian of Greenwich, and are deſigned to 

relieve the Mariner from the Neceſſity of a Calculation, which 

he might think prolix and troubleſome, and to enable him, 
whery compared with the Diſtance obſerved carefully at Sea, 
to infer his Longitude readily and with little Danger of 

Miſtake to a Degree of Exactneſs that may be thought ſuffi- 

cient for moſt nautical Purpoſes, But uſeful and valuable 

as the Practice of this Method may be at preſent, it is a 
Remark not unworthy our Notice, that every future Improve- 

ment of the Lunar Tables, as well as the Inſtruments, will 
bring it nearer and nearer to Perfection. 

The Moon's Diſtances are computed both from the Sun 
and proper Stars, and generally trom One Object on each 

Side of her, to afford the Mariner a greater Number of Op- 
portunities of Obſervation, and a Means of attaining a greater 

Degree of Exactneſs. The Diſtances from the Sun are 

computed between 40 and 120? of Diſtance. While the 

Moon is between the Diſtances' of 20˙ and 40 from the Sun, 


her 
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'her Diſtance is computed only from a Star on the 
 - Side that the Sun is. When ſhe is between the Diſtances of 
40 and go from the Sun, her Diſtance is computed both 
from the Sun and from a Star on the contrary Side to the 
Sun; when the Moon is above go“ from the Sun her Diſ- 
tance is computed from Two Stars, one on each Side of her; 
though ſtill her Diſtance is computed alſo from the Sun 
from 90* to 120%f Though the Diſtance of the Moon from 
the Sun or Star, well * obſerved with a good Inſtrument, is 
ſufficient to determine the Longitude, with the Help of the 
Ephemeris, always within a Degree, and generally mueh 
nearer, yet it will conduce to ſtill greater Accuracy, if the 
Obſerver takes the Diſtance of the Moon from Two Stars, or 
the Sun and a Star, or, when the Moon is between 99? and 
120 Diſtance from the Sun, from the Sun and Two Stars, if 
he can be ſo lucky as to obtain theſe ſeveral Obſervations. - 


The Longitude being computed from the Obſervations 


made with each Star reſpectively, the Mean of the Reſults is 
to be taken as probably approaching neareſt to the true Lon- 
gitude. In particular the Moon's Diſtance ſhould be taken 
from Two Stars, or the Sun and a Star on each Side of her, 
as often as Opportunity permits, ſince the Mean of the Re- 


ſults will probably be at leaſt as exact again as either ſeparate - 


ly, I mean as far as depends on any Imperfection of the In- 
ſrruments, and unavoidable ſmall Errors ariſing in the Uſe of 


them; Errors of theſe Kinds having a natural Tendency to 


torre& each other; for that ſmall Error which ariſes from 
the Lunar Tables will affect the Reſult from either Star 
equally. But the Error of Mayer's laſt Lunar Tables as cor- 


reed from a Series of Dr. Bradley's-Obſervations of g Years, 


by Mr. Charles Maſon in 1778, being theſe made uſe of for 
the Nautical Almanac of 1789, and the ſubſequent ones, 
bably never exceeding 300, the Uncertainty hence ariſing 

the Determination ot the Longitude can ſcarcely ever ex- 
ceed 17 Miles of Longitude; and generally will be much leſs. 
The Diſtances ſet down in the Ephemeris, afford the Ob- 
ſerver a ready Means of knowing the Star from which the 
Moon's Diſtance is to be obſerved; for he has nothing to 
| do but to ſet his Quadrant to the Diſtance computed roughly 
from the Epheweris, neglecting the Seconds, at the 1 
ime 
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Tine eſtimated nedrly by the Mctidinn of Greenwich | ald 
direct is Sight to the Eaſt or Weſt of the Moon, according 
us the Diſtance at Greenwich is found in the Brhi-and th; 
or Toth-and 17th Pages of the Month; and having found the 
Moon upon the little Speculum, let him! give a Sweep with 
the Quadrant to the Right and Left, and he will find the 
Star be ſeeks for, if above the Horizon ahd the Alt be clear; 
"nearly in a Line perpendicular to the Line of "the Moon's 


Forns or longer Axis, or, which is the ſame Thing, in the 


Line of the Moon's ſhorter Axis produced. The Star is al- 
Ways one of the brighreſt, ſo that there is little Danger of 
miſtaking another for it, if the preceding Directions are 
carefully obſerved. The Time at Greenwich is eſtimated 
nearly by turning the ſuppoſed Loogitade from Greenwich 
into Time, by mw” raps Tables, Page'38, and adding. it to 
or ſubſtracting it from the apparent Time at the Ship, as its 
Longitude is Teſt or [Eaſt of Greenwich, It will be Tuff 
her: if the Diſtance be computed from the Ephemeris within 
10% or 207, for ſetting the Quadrant. The principal Uſe 
of the Diſtances of — Moon trom the Sun and fixt Stars; 
namely, in determining the Longitude by Compariſon with 
the correſponding Diſtances obſerved at Sea, is ſhewn iu 
Problem XI. Page 3) of Requiſite Tables. 

The Diſtances contained in the Ephemeris were — 
ſtrietly to Noon and Midnight, and thence interpolated for 
every Three Hours, according to the Method ſhewa for dom - 
puting the Moon's Latitude, Page 161—162 ; except that the 

Correction'of ſecond Differences at the Middle of the Inter- 
val to be interpolated, was taken ; of the Mean of the Two 
ſecond Differences, and at the Firſt and Third Quarterof the 
Interval was taken 2 of the Correction juſt found at the 
Middle of the Tnterval; inſtead of conſulting Mr: Taylor's 
Table, Pag. 248 and 249, which would however have given 
the ſame Reſult. But, at the firſt 12 Hours, when the Dil- 
tances of the Moon from a Star begin, and the laſt 12 
Hours, when the Diſtanees end, there being only One ſecond 
Difference inſtead of Two ſecond Differences on each Sie 
"to take a Mean of, this Method fails in theſe Caſes, and 
therefore the following is to be ſubſtituted in its Stead, being 
derived from Sir Ifaic Newton's Solution of the Problem of 


drawing 


nennen, 
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Irawigg. Gurye. through the. Extremides of. any, Number 
f :given.Orginates. Phil. Nat, Pre Math Page 48, 4 ie, | 


Logdioi a729,,98 Dr, Horlley's 9 6 Hey ot Sir Lade. 
From | Four, Diſtances at Noon, and - Midnight computed 
ſtrictly to ivterpolate Three Diſtances at the 3d, 5 „ and. 
gth Hour of the firſt, or laſt Interval. 
Subtract each Diſtance from the following, for the fir 
digen apd. prefix, the Sign —, if the Diſtances det reaſe, 

ubltract each, ficl Difference thus found from, the following 


* 
* . 


like, danger ſuhſtract the Firſt ſecond Difference, ffom the 
following; for the third Difference, 775 g the Signs as in, 
algebraic, Subſtraction. n clt gr Jaſt. Grlt:Differ;,, 
eden dy n the eſt gr laſt ſecond Miete by £, ,according. 
as, the Interpolation to be mags is for. the firſt of laſt 13 
Hours . pile. 1 third Ry beg 1 A 4. being 
put to lignify, the Nillance at the Be 10 pg of the-loteryal,. 
the interpolated Diſtances will, be le od: n 11 Wor 
ky >) 10 pig. end zung! N 
At 3d Hour of firſt Interval 4 . f re + 375 4:7 
At 6th-Hgyr of firſt Interval a + £6 — 2. ro K. 1 ũ % 
* * Hour of firſt Jatceval a.+ 4 — ne 1 di 
A. wir _ . 5 


Ong. of the ſame; Order, for the ſecond Difference And = | 


Ar 3d Hour, of laſt Interval "a + 4 b 5% . f. 
 Ar:6th Hour of laſt Interval 4 + 4 —— * 3 a ds 
At ch Hour of laſt Interval @ + 4 6 — | 


In adapting theſe Formulz to Numbers, great Care muſt- 
be taken about the right Application of the Signs. Thus if 
b, c or d is Negative, apply the Number expreſſing the Value 
of that Term of the Formula where it is found with a con- 
trary Sign to that of the Formulaa. | 
Let me add in this Place, that if in filling up the firſt and 
laſt Intervals, a new ſecond Difference has been ſuppoſed in 
arithmetical Progreſſion” with the Two given ones, in order 
to take a Mein between it and the firſt or laſt ſecond Differ- 
ence, the Interpclation at the Middle of the Interval or 6th 
Hour will be had true, the ſame as if the above Formulz 
had been uſed : But at the Interpolation of the firſt and 
F TY <7" "a 
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third Quarter there will be an Error of , third Difference; - 
which. will be corrected, by appyling 4+ rr d or third 
Difference, to Number found at the firſt Quarter of the In- 
terval, and — 1 d to that found at the third Quarter of the 
ko op y the ſame whether it be the firſt or laſt In- 


The Configurations of Jupiter's Satellites, Page 12th and 
laſt, exhibit the apparent Poſitions of the Satellites with re- 
| pet to each other, and to Jupiter at ſuch an Hour of the 
Evening or Night as they are molt likely to be obſerved, and 
ſerve to diſtinguiſh the Satellites from one another. Jupiter 
is diſtinguiſhed by the Mark ©, and the Satellites by Points 
with Figures annexed, the Figure 1 ſignifying the firſt Satel- 

lite, 2 ſecond Satellite, &c. When the Satellite is ap- 
proachipg towards Jupiter, the Figure is put between Ju- 
piter and the Point; and when the Satellite is receding 
from Jupiter, the Figure is put on the other Side of the Point. 
The Satellites are in the ſuperior Parts of their Orbits, or 
furtheſt from the Earth, when they are marked to the right 
Hand or Weſt of Jupiter approaching him; or to the left 
Hand or Eaſt of Jupiter receding from him ; but are in the 
inferior Paxt of their Orbits, or neareſt to the Earth, when 
they are marked to the right Hand or Weſt of Jupiter reced- 
ing from him, or to the left or Eaſt of Jupiter approaching 
him. The Cypher o, ſometimes annexed to the Figure of 
the Satellite towards the Margin, ſignifies that it is inviſible 
on the Face of Jupiter; and the black Mark o, ſignifies that 
it is ioviſible, being eclipſed in Jupiter's Shadow, or þehiad 


% 


Jupiter eclipſed by his Body. 


THE END, 
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DIRECTIONS for nating th: bell Gompd® 
ſition for the Metals of -REFLEes ING: T- 
. LESCOPES, and the Method of cafling, 
grinding,” poliſbing, and giving the great 
Sperr lum the rue . Fier, 


ol 


By nie Rd Jom Bow ans, B: A. 


. 


T HE Methods in ever uſed for cating, | 


rinding, and poliwing the Metals for Re- 
he Teleſc copes 1 wal known to Work 
men, and having been treated of in the moſt full 
and ſatisfactory Manner in Dr. Smith's Optics, 


and alſo b 15 Mudhe in the Philofophitat Tae 
actions, Vol. Lxv11 art 1 „I mall not dwell 
theſe Points, but Mall 100 fuch Directions and b- | 
| ſervatians © at as 1 have found by Expert- 
Sls ks Aöteer l. much better than che Methods tan 
thoſe Writers. Some Teleſcopes er te 
es me haye been tried. b y the Rev'd/Dr. Masxz- 
LYNE, Aſtronomer, Royal, and found very greatly 
to excel] i in Brig tneſs , and to equal i in other Re: 


Mr. Ebiward?s Telefcope — a H hĩte Object perfectly 
white, and all Objects of 155 natutal Colors; very different 
from common Reflecting Teleſcopes, which give a dingy copy 
periſh Appearance to Objects. Lfound, by à careful Experi- 
ment, that they ſhew Objects as bright as a treble ObjeA-gla 
Achromatic Teleſcope, both being put untler equal Circum- 
ſtances of Areas ofthe Aperture of the Object metal and Object- 
glaſs, and equal magnifying Powers; whereas the Diameter 

of the Aperture of a common Refle&ing Teleſcope muſt be to 
that of err ber as 8 to g;, ta produce an equal 
Effect. N VIL MasSKELYNE. | 


A 2 ſpects, 


F 
ſpects, Teleſcopes of the ſame Size, conſtructed 
by the beſt Artiſts in London. 


IP Compoſition for Reflecting Sperula. 


| 5 H A T I may not be tedious upon this Point, 
tit may be neceſſary to acquaint my Reader, 
that J have made Experiments upon the following 
Metals and Semi- metals, in order to diſcover a 
Compoſition for a Speculum, which ſhould reflect 
the greateſt Quantity of Light, and conſequently be 
05 of receiving the fineſt Poliſh, I combined 
them jn ſeyeral Propgrtions, and ground and po- 
liſned them. The Metals and Semi-metals I 
tried were Silver, Platina, Iron, Copper, Braſs, 
Lead, and Tin; Crude Antimony, Regulus of 
Antimony, Martial Regulus of Antimony, Arſenic, 
Biſmuth, Zinc, and Antimony combined with 
Cawk-ſtone . Having tried many Compoſitions 
of them (ſee the Appendix) I found that 32 
Ounces of Copper, with 15 or 16 Ounces of Grain 
Tin . to the Purity of the Copper) 
with the Addition of a little + Braſs and Arſenic ; 
viz. one Ounce of each to the above Proportion of 
Copper and Tin, will form a Metal capable, when 
poliſhed in a proper Manner, of refſecting much 
more Light than any other Metal that has as yet 
been offered to the Public. When I ſay that 
the Proportion of Tin is from 15 or 16 to 32 
unces pf Copper, I would be underſtood, that 


* See 2 moſt curious Experiment upon Cawk-ſtone and 
Antimony in the Philoſophical Tranſactiohs, No. cõc. 
1 If One Ounce of Silver be added to this Compoſition, 
the Metal will be much better and whiter, e 

5 96. 


| "4 34 
the Proportion of Tin will not always be accurately 
the ſame, as Copper will take more or leſs Tin to 
perfectly ſaturate it according to its Purity. It 
might be of Uſe previouſly to purify the Copper 
as much- as poſſible. A very little Experience 
in theſe” Matters will enable any one to know 
exactly when the Copper is completely ſatu- 
rated; as the Compoſition will, if broken, 
appear of a moſt beautiful bright and 7 
ature, very much reſembling the fine Face of 
Quickſilver. My Method to aſcertain that Point 
accurately, is to melt 32 Ounces of Copper, 
and to add to it, when ſufficiently fuſed, 15 Qunces 
of Tin, and to pour the Mixture into an Ingot: 
Then to a certain known Portion of this Compo- 
fition, I add a very ſmall, but known Portion of 
Tin; and thus, by a few Trials, I can eaſily ob- 
tain the Point of complete Saturation, and the 
Maximum of Perfection. Having then aſcertained 
what Portion of Tin I added to the above known 
Quantity of the Compoſition, I add the propor- 
tional Quantity of Tin to the Hole, when melted 
a Second Time. Thus, if I find, that I muſt. 
add a Quarter of an Ounce of Tin to One Pound 
of the Compoſition, ſo as to obtain the ne plus ultra 
of * Brilliancy ; then I know, that, when I ſhall 
melt the Remainder of the Metal a Second Time, 
in order to caſt the Speculum, I muſt add One 
Ounce of Grain Tin to Four Pounds of the Com- 


If too much Tin ſhould be added; viz. if 37 Qunces 
of Tin is put jo 32 Ounces of Copper, the Compoſition is 
hot bri/liaxt when broken, but of a grey blue and dull Colour. 
I the Quantity of the Tin be further increaſed, the Metal 
will become almoſt Jack. FAD | $45. | 
. er of ad poſiti £ 
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1 
poſition; malle accbrding to the Proportion 
Duncks of Copper to 19 Ounces of Tin. 
Ar ſenit muſt be added in the Second Melting, 


E 


when 
rhe-Speculum is intondeſl to be caſt; as — of 
the Mixrute,in the Fir Melting, is ſo great as to 
render che moſt Part. Gf the Arſenic volatile, and in 
a great Mraſure prevent its Action upon the Metals, 
Nau ſomewhat . though partir 


cularly reco edi by q Sir Isaac NY], for 
this Purpoſe, fnould be haſtily thrown aſide by 
the Founders, as well as paſſed over unnoticed by 
the Writers upon chis Subject. This imprudent 
Difuſe of it I can only attribute to the diſagrer able 
Fomes or Vapours wich ariſe when it is intro- 
duped into the Crucible to the melted Mixture, 
which may — diſagrecable Effects upon the 
Operator, if proper Care is not taken to prevent 
them from beimꝑ received into the Lungs 4. All 
the Precaution fray, Arr is to bruiſe the, Arſenic 
coarſely,” and introduce it into the Crucible with a 
— Tongs, having tied it up in a Piece of 
Paper; 'giving it then 2 Stir with a wooden Spas 
tula, teraining your . avoid it till you can 
fee no more Vapours ariſe from the Crucible, when 
the! Metal will be ready to be P into the 


* Sir Loaac 8 melted the Copper Ert, * added 

the Arſenic, and la laftly the Tin; as without Doubr he knew 
that the Tin ſhoh!dremain in a fluid State the ſhorteſt Time 
Pbffble. It is true that Sir Isa ac added the Arnie to the 
melted Copper; but as he well knew that a great Part of it 


| . would be rendered volatile, he therefore added a very.large 


Quantity of it; viz, Arſenic 1 to Copper 6. 
+ See Dr. David Greg ys Optics Þ Dr. Brown and Dr, 
Dr/agwiiers, p. 219; or Philoſophical TranſaQions, Ne 81. 
t I have been zNured by Two ingenious experimental Phi- 
loſophers, that the Fumes of Arſenic, even when the Gaflic 


Smell is very ſtrong, are not in the leaſt prejudicial to the Lungs, 
5 | NEVIL MASKEL YNE. 


* 


Hlaſks to caſt. oeh Speculum. The great: Uſe: of 
Arſenic, in this Compoſition, is to e — bor 
much Fades and ſolid, —.— | 
more i ful, as any one may Experience hy com- 

ing wing ts . tion with Arſenic, with the ſame 

tion of Copper and Tin without Arienis; 

ran | 1 One Ounce of Arſenic ſuſñeient for 
the Metal. A much greater Quan» 

| gf ic may · be uſed without any Diſadvat- 

nge toſthe Beauty or Compactneſs of the Metal 3 
but then it is too apt to tarniſh, if expoſed to the 

Air for ſome Time: Three Quarters, of an Ounee 

or an Qunce of; Arſenic to One Pound of 

ſiion. will, not tarniſn in the leaſt Degree. Indeed 

the eee the Metals, —— made Ute af 


far Specula, tarniſh when they are much expoſed 
to Re” Air, id | becauſe the Quantity of Copper in 
their Compoſition is not ne auly ſaturated, and the 


Acid contained in the Air, by acting upon it, ex: 
tracts che Copper from the Tin, and tums the 
Metal into. a dirty or dingy coloured Speeulum, 
and which (beſides. the great — of Light) cauſes 
the common Neflecting Teleſcopes to ſhew all Ob- 
of a dirty red or yellowiſh; Calour, This, 
oweyer, is not the Caſe in the Metals made of the 
above Compoſition ; for, as the Copper is com- 
pletely ſaturated, the Air cannot act upon it in the 

Degree. I muſt not, however, paſs over One 
Caution in the Mode or Manner of melting the 

poſition, and that is, that the Copper muſt he 
melted firſt of all, and rendered as fluid as paſſible, 
chen the Braſs. and. Silyer muſt be added; and tha 


. One Qunce of Arſenic will however. 
and bind Tyre 9 6 W 
dove an Fas 75 Veight of tho, Mel. ſo chat it 1 . al 
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Whole fluxed with the common black Flux, made 
of Two Parts of Tartar to One of Nitte, or by 
ſtirring the melted Mixture with a wooden Spatula 
-of Birch, and made as fluid as poſſible, The Tin 
muſt now be d, and the Whole off 
immediately after it is once ſtirred together; for if 
the Mixture is continued on the Fire ſome time after 
the Tin is added to it, it will always prove porous 
afterwards, though it be melted a Second Time, 
with the ſmalleſt Heat poſſible, As I ever found 
this to be the Caſe, I naturally conjectured that 
the Metal would be moſt folid and free from Pores, 
when the Tin remained the leaſt Time poſſible in a 
State of Calcination. Experience' determined the 
Truth of my Conjecture, and I now find that the 
| beſt Method poſſible to make this ſition to 

the greateſt Advantage is, to melt the Copper as 
fluid as poſſible, and flux it with the black Flux; to 
melt the Tin in a ſeparate Crucible by itſelf; to take 
the Two Crucibles out of the Fire, and pour the 
melted Tin into the fluid Copper; and ſtir it inſtantly 
with a wooden Spatula, and pour the Whole im- 
mediately into a large Quantity of cold Water. 
The ſudden Chill from the cold Water divides the 
melted Maſs into an infinite Number of ſmall Par- 
ticles, and by that Means cools it inſtantaneouſly, 
and conſequently prevents the Tin from calcining 
ſenſibly; and hence I have always found, that 
in the Second Melting, the Compoſition was entirely 
free from Pores, even though no Arſenic had been 
employed, Yet the Addition of Ar/enic ever ren- 
dered it much more compact, and indeed * ſpeci- 


| © The ſpecific Gravity of the Compoſition Irſelf is 8,78 ; 
with the Addition of 1 oz. of Arſenie to 1 Ib. of Metal is 


Ca. -: - 5 
12 fically 


18 1 
fically heavier, as well as more brilliant and beau- 
tiful. On reverſing the Proceſs, if the Tin is put 
into the Bottom of the Crucible, and the Copper at 
the Top of it, which I have frequently done, the 
Copper will melt with a very little Heat; whereas, 
when Copper is put into the Crucible by itſelf, it 
requires a pretty ſtrong Heat to cauſe it to melt. 
When] firſt made Uſe of this Method, I imagined 
I had diſcovered- a very eaſy one to melt the 
Copper, and conſequently I thought I had greatly 
improved the common Method; and, as Mr. Mudge 
aſcribed the Pores in the Metal to the Tin being 
calcined by the great Heat of the fiuid Copper at 
its Firſt Melting, 1 naturally expected to find the 
Metal, made by the above Proceſs, totally free 
from Pores, eſpecially in the Second Melting, as 
the Heat was conſiderably leſs than if the Copper 
had been melted firſt by itſelf. However I always 
found it full of Pores, much more porous than I 
had ever ſeen it before. For ſome time I could not 
- diſcover the true Cauſe, having no Idea that the 
Pores were owing to the Tin remaining ſo long in 
the Fire in a fluid State, and therefore in a State of 
rpetual Calcination. I attributed the Poroſity of 
the Metals, which I made of this Compoſition, to 
a Multitude of Cauſes, till thoroughly tired of 
Experiments and Conjectures to aſcertain the true 
Reaſon, I was determined to melt the Copper firſt 
and the Tin afterwards, as I had always done be- 
fore 1 dropped upon this improved Method, as I 
| imagined... The Reſult was, the Metal was in- 
finitely more compact and much leſs porous. By 
melting the Copper firit and then adding the Tin 
to it, I ſoon. diſcovered that the longer the Tin re- 
mained in the Fire, the more porous the Metal 
turned out; and, vice verſd. the ſooner I poured 
| 1 


10 

it off, after 1 had added the Tin, the more com- 
pact and free from Pores it proved. From theſe 
Obſervations I determined to try the Effect of 
adding the Tin in a fluid State to the melted 
Copper, and to cool the Whole immediately, to 
prevent, as far as I was able, Calcination from tak- 
ing Place. Experience confirmed my Conjectures; 
and I ſoon found that by pouring the Wu — 
Maſs, the Inſtant they were mixed and ſtirred to- 
gether, into cold Water, the Metal always proved, 
in the Second Melting, ſolid and much more com- 
been beautiful, and white, than I had ever ſeen it 
y any other Proceſs. One Thing I cannot paſs 
over, as it affords a clear Proof of the Uſe of 
D in rendering the Metal much more ſolid and 
compact, and conſequently more 'free form Pores - 
than if no r/enic had been uſed in the Compoſition, 
Whenever I made the Compoſition, by melting the 
Copper and Tin together, by putting them into the 
Crucible at the ſame time and melting them down 
together, the Metal was always porous, as I ob- 
ſerved before : However frequently I melted it af- 
terwards, and though I gave it no more Heat than 
was barely neceſſary to melt it, yet if I added to 
this very porous Metal, after it was melted, a ſmall 


Quantity of Arſenic; viz. an Ounce to One Pound 


of the Metal, it was really aſtoniſhing to ſee how 
much better the Metal turned out, being con- 
ſiderably harder than before, and incomparably leſs 
porous. I mention this Circumſtance, which any 
one may eaſily try, to ſhew the very great Advan- 
tage of uſing a ſmall Portion of Arſenic to render it 
more compact, and, as Sir Isaac Newrow ju 
* obſerves, more white than before. The Uſe of the 
* SceA een ory's Opti Cs, 2193 or the no- 
fophical TranſaQtions,”N 98 $1. ora P 4 Ph 
oo ſmall 
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ſmall Portion of Braſs in this Compoſition Is to 

render it more tough and not ſo exceſſive brittle, 
as this Compoſition without the Braſs would prove. 

A ſmall Portion of Silver will make the Metal much 
whiter, though. if too much is added it is apt to 

be porous. Having ſaid ſo much relative to the 

Compoſition of the Metal, which indeed is a capital 
_ Article, I paſs on to kr a 


The Manner of cofting the Metal. 


T HE Sand moſt proper for caſting this, and 
| indeed any other Metal, is a fine Sand, with 
ho more Loam or Clay mixed with it naturally than 
is abſolutely neceſſary to make it tenacious enough 
to adhere together when properly moiftened. If 
too much Clay is mixed by Nature with the Sand, 
it will always Slo the Metal in different Directions, 
- ſometimes indeed to the great Danger of the Ope- 
rator. On the contrary,” if the Sand does not con- 
tain a ſufficient Quantity of Clay, it will not re- 
main in the Flaſks, or take a proper Impreſſion 
from the Pattern or Model. The beſt Sand I could 
ever meet with for the Purpoſe of caſting Specula, 
is the common Highgate Sand (near London) [25a | 
rally uſed by the London Founders. It ſhould be 
as little wet as may be, and well beaten, bur not too 
hard. The Flaſks ſhould be at leaſt Two Inches 
wider than the Metal intended to be caſt. If the 
Sand is not of a ſufficient Thickneſs round the 
Metal it will inſtantly become dry when the hot 
fluid Metal is poured into it, and conſequently will 
contract, and of courſe the fluid Metal will run 
out of the Flaſks. A proper Thickneſs of Sand 
| B 2 Will, 
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„ 
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will, however, prevent this Accident. The Metal 
or Pattern ſhould be made of Braſs or hard Pewter, 
and muſt be a little larger and thicker than the 
Speculum intended to be caſt from it; as the Thing 
caſt is always a little leſs than the Pattern, owing to 
its contracting, a ſmall Degree, in cooling. A 


wooden Pattern will not quit the Sand near ſo well 


as one made of Metal; befides Wood will always 
warp by the Moiſture of the Sand, and conſe- 


- quently will give a falſe Figwe or Form to the in- 
tended Speculum. As the Compoſition I have 
given for the Speculum is the hardeſt, and conſe- 


quently the moſt brittle of any Metal yet known; 
ſo it is the moſt difficult, to caſt, The common 
Manner of caſting other Specula will not avail, in 
the leaſt Degree, here; and it was a very con- 
ſiderable Time before I found out a certain and in- 


fallible Way to caſt them free from Faults or Flaws 


in the Face. In'general they cracked in the cooling, 


from the Moiſture of the Sand. The only Me- 
thod poſſible to caſt them well (for indeed I have 


tried many Methods) is to caſt them with the Face 


downwards. The Ingate or Git ſhould be at the 


« 4 = 


Back of the Metal, and at the very Edge of it; 


its Breadth, where it joins the Metal, ſhould be at 


leaſt Half the Diameter of the Metal, and its 
Thickneſs muſt be Half the Thickneſs of the 
Metal at the Edge; the upper Part of the Git 


| ſhould contain as much Metal, at leaſt, or even 


more, than the.Speculum itſelf, I could give my 


Reader ſufficient 'Reaſons for every Part of the 


Proceſs above directed, but I might be thought too 


_ tedious : Suffice it then that I inform him, that he 


will find theſe Directions will anſwer in Practice 
and 
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and I believe, I can ſay, that no one whatever can 
caſt Specula, of this brilliant and brittle Compo- 
ſition, by any other Means than what I have now 
pointed out: When the Pattern, with its Ingate or 
Git, is taken out of the Sand, Ten or a Dozen 
ſmall Holes ſhould be made through the Sand, at 
the Back of the Mould, with a ſmall Wire or 
common Knitting-needle, to permit the Air to 
eſcape, as the Metal is poured into the Mould. I 
have found by Experience, that ' ſeveral ſmall 
Holes are infinitely better, for that Purpoſe, * than 
One large Hole. When the Metal is melted a Se- 
cond Time, which muſt be done with as ſmall a 
Degree of Heat as poſſible, add the proportional 
Quantity of crude Arſenic in coarſe Powder, and i 
ſtir it well with a wooden Spatula ; when the Fumes 
are gone off, take the Metal off. the Fire, take 
away the Droſs, and add Half an Ounce or an 
Ounce of powdered Roſin, or equal Parts of pow- 
dered Roſin and Nitre, in order to give the Metal 
a good Face; ſtir it well with a Stick, and pour it 
immediately into the Flaſks, When the Git is 
filled up with the fluid Metal, ſtrike the Flaſks 
ently, ſo as to ſhake or jog the Metal in them in a 
mall Degree ; this will prevent any Flaws in the 
Face from any Air-bubbles being lodged there. 
When the Metal has remained in the Flaſks for a 
few Minutes, ſo as to become entirely ſolid, open 
the Flaſks while the Metal is red-hot (it cannot 
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* If ſeveral ſmall Holes are made for the Air to eſcape, 
the Back of the Metal will be caſt much neater than if One 
Hole only is uſed for this Purpoſe. Beſides, when One Hole 
only is uſed to let the Air eſcape, the Metal is very apt to 
crack in that Place, owing to the Sinking of the Metal in 
cooling. 
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crack in this State, though it is expoſed to the Ait; 
as all Metals are malleable. when they are red-hot) 
and take out the Speculum with a Pair of, Tongs, 
laying hold of it by the Git, but take Care to keep 
2 F ce downwards to prevent it from ſinking, 
Force out the Sand from the Hole in the Middle of 
the Mirror, with a Piece af Wood or Iron, and 
place the Speculum in an Iron Pot with a large 
Quantity of hot Aſhes or ſmall Coals, ſo as to bury 
the Speculum in them a ſufficient Depth. If the 

Sand is not forced qut of the Hole, in the Manner + 
above directed, the Metal, by ſinking as it cools, 
will embrace the Sand in the Middle of the Spe- 
culum ſo tight as to cauſe it to crack before it be- 
comes intirely cold. And if the Metal is not taken 
out of the Sand, and put in a Pot with hot Aſhes 
or Coals to anneal it, I can aſſert, that the Moiſ- 

ture from the Sand will always break the Metal. 
Let the Speculum remain in the Aſhes till the 
Whole is become quite cold. The Git may be 
eaſily taken off by marking it round with a com- 
mon fine half. round File, and giving it then a 
gentle Blow. The Metal is then to be rough? 
ground and figured, 


" 


Of the rough-grinding and figuring the Speculum. 


IN rough-grinding, figuring, and poliſhing the 
4. Metal Two Tools only are neceſſary, beſides a 
common Grindſtone. One chief Reaſon why 
Workmen do not give a good Figure to their Spe- 
cula, is becauſe, by purſuing Dr. Smith's or Mr. 

Mudges Method, they uſe too many Tools, which 
in a great Meaſure deſtroy each other's Effects. As 


Nature 
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Nature always acts in the moſt ſimple Manner, fo 
if we could always imitate her in this Reſpe& we 
ſhould arrive at a much greater Degree of Excel- 
Jence in moſt of our mechanical Purſuits. Beſides, 
the Tools generally made Uſe of by Workmen are 
conſiderably too large in Diameter, ever to give a 
correct and uniform Figure, All the Tools I make 
Uſe of are a Rough-grinder compoſed of Lead and 
Tin mixed together, or elſe of Pewter z this Rough- 
rinder ſerves alſo for a Poliſher ; this Tool, with a 
of Stones or Hones, are all that are neceſſary. 
A Bruiſer (as directed by Dr. Smitb and Mr. 
Mudee) is totally unneceſſary, cauſes conſiderable 
more Work, and, after all, is really detrimental. 
The beſt Method I have ever found to rough- 
grind the Speculum, is to grind the Surface of it 
quite bright upon a * common Grindſtone, made 
nearly to the Figure or Focus of the Speculum by 


a Gage. Take it then to a convex Tool made of 


Lead and Tin, or elſe of Pewter, and grind the 
Metal upon it with fine Emery. This Emery, 
however fine it may be, will break up the Metal 
very much; but we can eaſily cure that Proceſs, as 
I ſhall ſhew hereafter. This Tool or Rough-grinder 
ſhould be made of an elliptical Form, and not cir- 
cular (for a Reaſon I ſhall point our hereafter) and 
of ſuch Dimenſions that. the ſhorreſt Diameter of 
the Ellipſe ſhall be equal in Breadth to the Dia- 
meter * the Mirror, and the longeſt Diameter of 


the elliptical Tool ſhould be to the ſhorteſt Dia- 


- ® The Gtindftone may eaſily be brought to the Form of the - 


| Gage, by holding the ſharp Edge of an Iron Bar againſt it, 
whale it is tarned round, till ſo much is worn away from its 
Surface, as ſhall cauſe it to take the true Curvature of the 


age. WE 
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meter in the Proportion of 10 to. 9 accurately, for 
a Reaſon to be mentioned hereafter. The Manner 
of working or figuring the Metal upon this Tool, 
and indeed upon all the ſucceeding Tools, 1s taught 
in Dr. Smith's Optics, or the before-mentioned 
Volume of the Philoſophical Tranſactions. I ſhall 
refer my Reader to thoſe Publications, as I only 
mean to give my own Improvements. When the 
Metal is brought to a true Figure, it muſt be taken 
to a convex Tool, formed with ſome Stones from a 
Place called Edgedon, in Shropſhire, ſituated between 
Ludlow and Biſhop's Caſtle. Theſe Stones or Hones 
are of a fine Grain, and will eaſily cut the Metal 
and bring it to a fine Face. Indeed the blue 
* Hones, uſed in general by the Opticians for this 
Purpoſe, will ſcarce touch the Metal, and it will 
be a laborious Undertaking to bring the Metal to a 
fine Face, fo as to take out all the Breaks up from 
the Emery, by the common blue Hones. By 
Means, however, of the above-mentioned Stones 
they may eaſily be ground and truly figured. The 
Bed of Stones ſhould be of a circular Figure, and 
bur very little larger than the Metal intended to 
be figured upon it; viz. about Two Tenths of an 
Inch, but not-more, for a Speculum of Four or 
Five Inches in Diameter. If the Tool is made 
conſiderably larger than the Metal, it will grind the - 
Metal perpetually into a larger Sphere, and by no 
Means of a good Figure: If the Metal and Tool 
are of the ſame Size exactly, the Metal will work 
truly ſpherical ; but it is apt to ſhorten its Focus 
leſs and leſs, unleſs the Metal and Tool are worked 


Should any one however make Uſe of the common blue 
Hones, he ſhould uſe as little Water as poſſible when the 
Metal is put upon them, as they will cut much better when 
barely wet, than if much Water is uſed upon their Face. 


alternately 


1 


alternately upwards. It had, therefore, better be made 


a little * larger than the Mirror, when it will not alter 


its Focus. Too much Water ſhould not be uſed at 


a Time upon the Hone Pavement, or the Figure will 


be very bad, which may eaſily be ſeen by the Face 
of the Metal appearing of different Degrees of 
Brightneſs in different Parts of it. When the Metal 
is brought to a very fine Face and Figure by the 
Bed of Stones, it is ready to receive a Poliſh : But 
before I ſhall give my Directions concerning the 
Manner of poliſhing it, I muſt mention a Circum- 
ftance or two I had inadvertently paſſed over. The 
Metal muſt not be caſt too thick, or it will never 
take the parabolic Figure intended to be given to 
it. The beſt Proportion I have found for this Pur- 
= is, a Metal of 44 Inches Diameter and 18 

nches Focus ſhould be Four Tenths of an Inch 
thick at the Edge of it : The Back of the Mirror 
ſhould be convex to ſtrengthen it, and to cauſe ir 
to ſpring and adhere to the Poliſher uniformly. Its 
Convexity ſhould be equal to its Concavity on the 


Face, that the Meral may be every-where of an 


equal Thickneſs. The Handle ſhould be made of 
Lead, of the ſame Convexity and Concavity as 
the Metal, its Thickneſs about double that of the 
Metal, and its Diameter Three Fourths of that of 
the Speculum; it ſhould have a Hole in the Middle, 
with a Copper or Iron Screw on it, ſo as to put it, 
together with the Mirror, to which it is faſtened 
with Pitch, on a Collar Lathe, in order to ſmooth 
and finiſhthe Edge of the Metal, which may be done 
by holding a fine File to it, when in the Lathe, at 
the firſt, and atterwards one of the above-mentioned 
Stones. 3 


About One Twentieth-part greater in Diameter, 
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Of poliſhing the Metal, and giving it the true parabolic 
NS Figure. RPE. 

F* H E Rough-grinder of an elliptical Form is now 
to be covered with common Pitch. I gene- 
rally make my own Pitch by boiling Tar in a 
Ladle, or Crucible, over a very ſlow Fire, till it be- 
comes of the Conſiſtence I require; for a great Nicety 
is required in the Degree of the Hardneſs of the 
Pitch. The harder the Pitch is the better Figure it 
will give to the Metal, as it does not alter its Fi- 
gure in working as ſoft Pitch does; beſides the 
Metal will acquire a Luſtre upon a Poliſher mode- 
rately hard, ſo as to ſhew Objects reflected from it as 
vivid and as near their natural Colour as poſſible; 
but, if the Pitch is too ſoft, ſome of its fineſt Par- 
ticles will always adhere to the Face of the Metal, 
and form a very fine and thin Cuticle or Covering 
upon its Surface. This Circumſtance is rendered 
very evident by viewing any white Object in the 
Metal (a Sheet of white Paper, for Example) when 
that fine Cuticle or thin Surface of the Pitch upon 
the Speculum will cauſe it to ſhew the Object of a 
dingy brown Colour, and not of its genuine 
Whiteneſs. Pitch may be eaſily made harder by 
adding to it a proper Quantity of Roſin. I often 
uſe equal Quantities of Pitch and Roſin, ſo as to 
make the Mixture juſt ſo hard when cold as to re- 
ceive an Impreſſion from a moderate Preſſure of 
my Nail. A Poliſher made with Pitch and Roſin 
has this Advantage; v1z. thaugh it is hard, yet it 
is not ſo brittle as when Pitch only is uſed, and 
made hard by boiling it, and conſequently not ſo 
liable to break or chip off at the Edges, and there- 
by ſcratch the Metal. Pour the melted thee 8 

5 | 1 5 ERoſin 


1 19 ] 
Roſin, when pretty cool, from the Crucible upon 
the * elliptic Tool, ſo as to cover it every where 
when ſpread upon it with an Iron Spatula, about 
the Thickneſs of a Half-crown Piece, If the 
Covering is too thin it will continually alter its 
Figure, by the Heat it acquires in working the 
Metal upon it, and thereby give a bad Figure alſo 
to the Speculum. When it is ſomewhat cool, lay 
a Piece of Writing .Paper upon the Surface of the 
Pitch, and gently preſs the Mirror upon the Paper; 
inſtantly pul the Paper from off the Pitch, after 
you have preſſed the Mirror upon it, elſe it might 
adhere to the Pitch, and you will find the Poliſher 
will be nearly figured to the Form of the Speculum. 
If it has not taken an exact Figure every where, 
which would appear by the fine Marks of the 
Grain of the Paper upon the Pitch, gently warm 
the Surface of the Pitch, and repeat the Operation 
as before, till you have formed it of the Þ exact 
Figure of the Metal. With a Penknife take away 
now all the ſuperfluous Pitch from the Edge of the 
Poliſher, and with a conical Piece of Wood form 
the Hole in the Middle accurately round: In other 


fFThe elliptic Tool muſt be made pretty warm, or the Pitch 
will not adhere to it. 

+ When the Poliſher is brought toits true Figure, gently 
warm it at the Fire, and with the Edge of a Knife divide it 
into ſeveral Squares by preſſing the Edge of the Knife gently 
upon the Pitch ; theſe Squares, by receiving the ſmall Por- 
tion of the Metal that works off it in — will cauſe 
the Figure of the Speculum to be more correct than if no 
ſuch Squares had been made. — The Poliſher may alſo be 
formed, without the Writing-paper, by dipping the Mirror 
into cold Water, and afterwards reſſing it upon the Surface 
of the Pitch (when it is ſomewhat cool) and by repeating 


this Operation till it has taken the exact Figure of the Metal 
Ml Words, 
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Words, let the pitchy Surface be every where of 
the ex act Size and Shape as the Lead Tool which 
is under it. It may be neceſſary to mention that 
the Hole in the Middle of the Poliſher ſhould go 
quite through the Tool (for a particular Reaſon) 
and ſhould be made of the ſame Size, or ſomewhat 
leſs, than the Hole in the Middle of the Speculum. 
This is a neceſſary Caution, and indeed I have al- 
ways found that ſmall Mirrors, without any Hole in 
the Middle, will poliſh much better and the Figure 
will be more correct, if the Poliſher has a Hole in 
the Middle of it. The Powder I prefer above all 
others to give a moſt exquiſite Luſtre, is Colcothar 
of Vitriol and not Putty. Putty gives Metals a 
white Luſtre, or, as Workmen call it, a Silver 
Hue ; but good Colcothar of Vitriol will poliſh 
with a very fine and high black Luftre, ſo as to 
give the Metal finiſhed with it the Complexion of 
poliſhed Steel. To know if the Colcothar of Vi- 
triol is good, put ſome of it into your Mouth, and 
if you find it diſſolves away it is good; but if you 
find it hard and cranch between your Teeth, then it 
is bad and not well burned. Good Colcothar of 
Vitriol is of a deep red or a deep purple Colour, 
and is ſoft and oily when rubbed between the Fin- 
gers: Bad Colcothar of Vitriol is of a light red 
Colour, and feels harſh and gritty. The Colcothar 
of Vitriol ſhould be levigated between Two Sur- 
faces of poliſhed Steel, and wrought with a little 
Water; when it is worked dry you may add alittle 
more Water to carry it lower down to what Degree 
vou pleaſe. When the Colcothar of Vitriol has 
been wrought dry Three or Four Times, it will 
acquire a black Colour, and will be low enough or 
ſufficiently 
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Coating of- the Colcothar, and very rarely make 
Uſe of a Second Application. If a ſecond or 
third Application of Colcothar ſhould be found 
neceſſary to bring the Metal to a high Luſtre, or to 
take out any Scratches e its Face, uſe it very 
ſparingly, or you will deſtroy the Poliſh you have 
already attained. When the Metal is nearly 
Poliſhed, it will always generate ſome black Mud 

upon the Surface of the Mirror, and alſo upon the 
Tool. Wipe it .now away from the Face of the 
Metal, with ſome very ſoft Waſn- leather; though 
if too much of this Mud be taken away, it will not 
poliſh ſo well. Indeed a little Experience in theſe 
Matters will better ſuffice than a Volume written 
upon the Subject. | 4 
In regard to the parabolic. Figure to be given 
to the Metal, no particular Caution 1s required in 
the:poliſhing ; the. elliptical Tool will always cauſe 
the Speculum to work into an accurate parabolical 
Figure, ſuppoſing the tranſverſe and conjugate 
Diameters bear the true Proportion to each other, 
and the Metal 1s not too thick to prevent it always 
from adhering firmly and uniformly to the Poliſher. 
Should the Pitch prove too ſoft, it will give way, 
and alter the Figure a little. This Circumſtance - 
will render the Figure of the Mirror ſometimes a 
{mall Degree ſhort of the Parabola, and ſometimes 


a very 
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2 very little beyond it; but by a little Perſeverance 
the correct Figure is very eaſily acquired. I could 
very eaſily give the Reader the Reaſon why an el- 
liptical Tool gf a proper Proportion will always give 
a parabolical Figure; and, if the tranſverſe Dia- 
meter is increaſed, it will then always give an hyper- 
bolical Figure; but as I am writing upon the prac- 
tical Part of making Reflecting Teleſcopes, and 
not the Theory, I will not offend bis Patience. To 
convince any one of the Certainty of my Aſſertions; 
let him poliſh a Metal 24 Inches Diameter and 94 
Inches Focus, upon an elliptical Tool, whoſe Dia- 
meters are 24 and 3 Inches, and I can aſſert he will 
always find the Metal, when poliſhed (if it is not 
too thick) beyond the Parabola, or it will always 
prove hyperbolical. If N it upon a cir- 
cular Tool in the common Way, with croſs Strokes 
in every Direction poſſible, uſing firſt a few round 
Strokes every Time he changes his Poſition, he 
will find it will always prove ſpherical, and conſe- 
quently ſhort of the Parabola. A very little Ex- 
perience in theſe Matters will convince any one of 
the Eaſe and Certainty of giving the great Spe- 
culum a parabolic Figure by poliſhing it in a com- 
mon Manner only, with croſs Strokes in every poſ- 
ſible Direction, upon an elliptical Tool of the pro- 
per Dimenſions, in which, for common Foci and 
Apertures; viz. 24 to 94 Focus, or 3,8 Inches 
in Diameter to 18 Inches Focus, the Diameters 
ſhould be 10 tog. The ſhorteſt Diameter of the 
Ellipſe being accurately the ſame as the Diameter of 
the Metal, and the longeſt Diameter of the Ellipfe 
to the ſhorteſt Diameter as 10 to 9. 


Ludlow, | I 
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APPEND IX. 


An Account of ſeveral Compoſitions of Metals 


and Semi-metals, on which Trials were made 
to find out the moſt proper Mixture for the Spe- 


cula of Reflecting Teleſcopes, 
By the Rev'd Jonx EDwanbs, B. A. 


OPPER and Tin equal Parts very bad, 
ſoft, and of a blue Colour. 
2 Do with Arſenic 4 but little different from the 
RE 
3 Tin 2, Copper 1—much worſe than the pre- 


ceding ones. 


4 Copper 32, Tin 16, Arſenic 4. Nitre 4 black 


and brittle. 
5 Copper 6, Tin 14, Arſenic 1—very indifferent. 
6 Copper 32, Tin 14, Arſenic 2—a very good 
Metal. 


Note, By Tin, I always mean Grain-tin, 
4 The Nitre was added to fix the Arſenic.. 


7 Copper 
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7 Copper 32, Tin 13+, «Arſenic 1—not quite ſo 

good as 6t 

8 Copper 32, Tin 13%, Arſenic 12 -a good 
Metal. 

9 Copper 32, Tin 15, Arſenic 2 much _ 
than any of the above. 

10 Copper 6, Tin 2, Arſenic 1=—compaRt, but 
very yellow when poliſhed. 

11 Copper 3, Tin 1,—compact, and whiter than 
the 10th. 

12 Copper 32, Tin 14a pretty good Metal, but 
poliſhes too yellow. 

13 Copper 32, Tin 15, Arſenic 2, Flint-glaſs in 
Powder 3 very bright, but rotten. 

14 Braſs 6, Tin i — compact, but too yellow. 

15 Two Parts of 11th Compoſition and 1 Part of 

| 14th Compoſition compact, but much too 
yellow when poliſhed. 

16 Braſs 5, Tin 1—ſomewhat whiter than 14th. 

17 _ 45 Tin 1—a good Metal, but rather yel- 
ow. 


13 Flint Glaſs was . as a Flux. See Shaw's Chy- 
miſtry, p· 255. 

Note, The foth is the Compoſition of Sir 1/aac uon. 
See Appendix to Gregory's Optics, p. 221. The 11th, 14th, and 
15th are the Compoſitions of Mr. Mol neux. See Smith's Optics, 
Vol. II. P. 304. And the 12th is the Compoſition of Mr. 
Mudge. See Philoſ. Tranſ. Vol. LXVII. P. 298. 

19 and 21. Theſe Compoſitions are mentioned by Neri 
and Kunchall in Neri's Art of Glaſs Making. Surely they 
never tried thoſe Compoſitions themſelves, but took them 
— the Report of other Authors, as the 19th will not take 

a good Luftre, and the 2 1ſt is very ſoft like hard Pewter, 
therefore highly improper for Specula, which ſhould be as 
hard as * 


| 13 Braſs 


| 1. 25 } 25 
is Braſs 4; Tin 1; with Arſenic 5; iT — whiter than 
17t | 
19 Braſs 3, Tin 1=—will not poliſh well. 
20 Braſs 2, Tin 1—of a ſparry Nature. 

21 Tin 3, Braſs 1—too ſoft, being only a Kind of 
had Pewter. 
42 Braſs and Atſenic equal Parts —a dirty white 
Colour, 
23 m_—_ Copper, and Arſenic equal Parts —a dingy . 
white. 
24 Braſs and Platina equal Parts — very difficult to 
| zuſe and mix well together, is then malleable, 

— of a dingy white Colour like 22d Com- 
ſition. 
25 Cop r 32, Tin 14, Crude Antimony 4—black 
rotten. 
26 Cop r 32, Tin 14, Crude Antimony r—bluiſh 1 
; rough- grained. | 
27 — 32, Tin 15, Arſenid 4, Biſmuth 2— 
much too rotten. | 
28 Copper 32, Tin 15, Arſenic 3, Biſuth 1— 
much too yellow when poliſhed, and appears 
alſo porous. 
29 Copper 2, Zinc 1—a pale malleable Metal. 
30 Copper and Zinc equal Parts—ſtill malleable 
and rough-grained. 
31 Copper 32, Tin 15, Arſenic 4, Zinc 4— a good 
Metal, but does not take a high Luſtre. 
32 The 31t Compoſition fluxed with Corroſive 
, Sublimate—a compact and hard 5 but 
rather yellow when poliſhed. "0 
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33 Copper 22, Tin 16—a moſt beautiful brilliant 


Compoſition, but much too brittle and rotte n. 

34 Copper 32, Tin 17—bluſh and rough-grained. 

3 5 Copper 32, Tin 18—almoſt black and ys 
ined. 


26 Braſs 2, Zinc 1—nearly a Gold Colour. 


37 Braſs and Zinc equal Paris—a pale alt Colour 
and rough-grained. 


38. Spelter 4, Tin 1 —very rotten. 


39 Copper and Crude Antimony equal Parts—of 


a ſparry Nature. 
40 Copper 32, Tin 15, Arſenic 3 af the Whole—a 
very beautiful and brilliant Metal, but tar- 
niſhes when expoſed for ſome time to the 
Fe 
41 Silver and Biſmuth equal Parts —a yellowiſh 
| r Metal, and not much harder than Silver 
itſel 
42 Silver and Tin equal Parts a white Metal al- 
moſt like Silver itſelf, and much too ſoft for 
Ppecula. 
| 43 Ker Tin, and Biſmuth equal Parts—a dingy 
; white Colour, but much harder than 41 or 42. 
44 Copper 32, Tin 15, Silver 1—a beautiful com- 
paoact Metal, but poliſhes rather too yellow. 
45 Copper 32; Tin 15, Silver 2—not lo white as 


44+. 
46 Copper 32, Tin 16, Braſs 4, Arſenic 2—rather 
too much Tin as the Compoſition was of a 
bluiſh nne and rough: graney.. - 


33 Unleſs the Cop r is very pure, this Compoſition. will 
be of a dark blue Colour, as 15 Cunces of Grain Tin will 


generally ſaturate Two Pounds Weight of Copper. 


47 Copper 


* 
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Copper 32, Tin 13, Braſs 1, Site 5 Arſenic 
1—4 moſt excellent Metal, being much the 
whiteſt, hardeſt, and the moſt mein 1 have 
ever yet met with, hy Wages 
48 Common Bell-metal<-polifiies very der, 
49 Common Bell- metal 4, Regulus Amory 
1—blaiſh and rough-grained. 
50 Common Bell- metal 6, Regulus of Antimony 
» 1-ſ\till bluiſh and rough grained. : 
1 Copper 32, Tin 14, Reg. Antim. . viz 1 02, 
* re much Actimony, i being of a 
bluiſh Colour and rough-grained. JS 
52 Copper 32, Tin 13, Reg. Ant. +—bluiſtr and | 
rough. 
53 Cer 32, Tin 13, Reg: Ant. Ir; viz. 1 OZ. 


& 
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54 Copper 32, Tin 13, — Ant.; 253 vie. 1 02. 


to 2 lb. a beautiful Metal not much Den | 
47, but not quite ſo white. | 
35 Crude Antimony 16, Cawk-ſtone 1 or 2 02.— 
a very bright glaſſy Metab like the common 


47 This Metal, when ecken ſhould appear of a bright, 
8 57% and Quickfilver W If it 73 hard and 
dead white, more Tin muſt be added (the Copper will 
ſometimes take 16 Ounces of Tin, if it is very pure). If it 
apo bluiſh and rough, more Copper or Braſs muſt be 
audc 
The common Bell- metal is not a Mixture of pure Cop - 
per and Tin, but Tin mixed with Copper Ore, a little Puri- 
hed, before it is brought into pure 6 | 
55 See this moſt wonderful Stone, and its 88 Effect 
upon Antimony deſcribed in the Philoſophical Tranſactions, 
Ne 110. For this Stone I am much obliged to Sir Joszren 
Bax ks, Prefident of the Royal Society, who favoured me 
with uy Ounces of it, | 
ä Vitrum 


l ] 
Vitrum Antimonii, but by no Means fit for 


Mirrors. 

5 Copper 32, "Ti 16, Vitrum Antimonii made 
from the Cawk-ſtone I 0Z.——a very indifferent 
Compoſition, as the Vitrum Ant, did not differ 
in its Effects from Crude Antimon y 

57 Copper 32, Tin 14, Lead 2—no Art can make 

this Compoſition mix intimately, as the Lead 
IM: always ſeparate from the Copper and 


$8 Copper 32, Tin 16, Reg. of Ant. 3—black 
and much too rotten. 

39 Copper 32, Tin 16, Iron Filings 8 — a bluiſh 
grey Colour and rough-grained, and appeared 

ſomewhat like Steel when broken through. 

6⁰0 goth Comp. 8 62. Tin 1 02.—a little whiter 
than goth, but ſtill too blue. 

61 Equal Parts of .59 and 60—ſtill of too blue a 
Colour, and not cloſe-grained. | ; 
62 Copper 32, Tin 16, Arſenic 3, Iron Filings 4 
of an 0z,—a pretty brilliant Companion; 

but much inferior to 47. 

63 Platina 1 0z. Braſs 1 0z. Cawk-ſtone, red hot, 
2 02,—exceſſive difficult to fuſe, and of a 
dirty light-brown Colour, and ſomewhat 

| malleable. 

64 Copper 32, Tin 16, Iron-filings 4, Reg. Ant. 
4, and fluxed with Corroſive Sublimate — an 
exceeding hard and compact Metal, but of 
too blue a Colour. | 


62 In all Compoſitions with Iron in it, the Mixtore will 
not run ſufficiently fluid. 
64 The Regulus of Antimony was added here to diſolve 


155 * cauſe to melt adn Iron- filings.” e 


65 copper 


I. 2 


| bs Copper 2 oz. Tin 1 oz. Iron-filings 1 dr. 


Reg. Ant. 1 dr,—too blue a Colour and 
rough-grained. 


56 Regulus of Antimony and Tin equal Parts—= 


ſparry and not fit for Mirrors. 


67 Caſt-ſteel—will not poliſh upon Pitch either. 


with Putty or Colcothar of Vitriol. 


68 Steel 1, Tin 4—very rough-grained and bluiſh, - 


and not much different from Steel itſelf, 
69 Steel 1, Tin 1—rough-grained and of a bluiſh 
Colour, | "+ 
70 Steel 1, and 47th Comp. 20 Parts—rough- 
grained and not near fo good as 47. 
71 Steel 1, and 47th Comp. 30—not much different 


from 47th Comp. but not fo beautiful and 


_  cloſe-grained. 


Many other Mixtures were tried, by combini 
the foregoing Compoſitions in more than a hundr 
Variety of Proportions ; but none of them were 
found equal to Ne 44, as that Mixture forms a 
Metal that is the whiteſt, hardeſt, moſt reflective, 
and takes the higheſt Luſtre of any Thing I have 
yet ſeen, 


6 The Steel was melted by a Furnace of a particular 
Conſtruction, built on Purpoſe, as it would not melt in a 
Crucible and a common Air- furnace. | 


— ll 
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Of the Eye-glaſſes Reflecting Teleſcopes, 
THE Kind of .Glaſs moſt proper for the Eye. 
= glaſſes of Reflecting Teleſcopes is Crown Glaſs, 
ſuch as is uſed for the convex Glaſſes in the com- 
pound. Object-glaſs of Acromatic Teleſcopes; and 
thoſe Pieces are the beſt, which, when laid upon a 
Sheet of white Paper, ſhew it of a #luiſh green Co- 
lour, and not of a yellowiſh green. Crown Glaſs is 
much preferable to Flint Glaſs, or indeed any other 
Sort of Glaſs we are acquainted with, for this Pur- 
poſe; as it intirely deſtroys, by its Colour, all 
dingy or , yellowiſh Appearance of Objects in 
Reflecting eleſcopes (which may ariſe from the 
Metals not being ſufficiently white, or from a bad 
Poliſh) and ſhews them of their natural Colour. 
The dingy Appearance of Objects in the Reflect- 
ing Teleſcope is highly diſagreeable, but this will 
be entirely removed if the Metals are made of 
the 47th Compoſition, and the Eye-glafſes are 
formed of Crown Glaſs. Even Flint Glaſs, when 
uſed for the Eye-glaſſes to Reflecting Teleſcopes, 
will always ſhew Objects too yellow, as neither the 
Flint Glaſs nor the Metals are ſufficiently white. 
But the Combination of the Colour of the Crewn 
Glaſs, and of the Light reflected from the Metals, 
will always ſhew Objects of their true natural Co- 
lour, and totally free from all dingy or yellowiſh 
Tinge. I muſt add alſo that Crows Glaſs is much 
more free from Veins than Flint Glaſs, and there- 
fore much preferable. I have alſo been informed 
by a Gentleman of $/ourbridge, in Worceſterſhire, 
| who 
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s + whit is a Glaſs-maker, that Crown Glaſs is the moſt 


pute Glaſs made in this Kingdom, and alſo tranſ- 


mits more light than gven Flint Glaſs, as Objects 


may be ſeen through a much thicker Piece of Crown 


than Flint Glaſs. This Circumſtance may perhaps 


be owing to the Quantity of Lead which enters 
the Compoſition of Flint Glaſs, which, by ren- 
dering it more denſe than any other Kind of Glaſs, 
makes it reflect more, and conſequently tranſmit 
fewer Rays of Light. Be this as it will, I can affirm 
from my own Experience, that Crown Glaſs is much 


referable to Flint Glaſs for the Eye-glaſſes'of all 
Reflecting Teleſcopes. | 


To try the Figure of the great Speculum. 


M. Madge, in the Philoſophical Tranſactions, 
has given a Method to, try the Figure of the 
great nar (for the ſmall: Mirror is always 
pherical) by circular Apertures of Paſteboard ap- 


plicd to the Mouth, or the Object End of the 


» Teleſcope ; but this End may be much more eaſily 
obtained, without the Trouble of uſing Diaphragms 


of Paſteboard, barely by looking through the Te- 
leſcope, and by viewing, at a proper Diſtance (50 


or 100 Yards, fdr Inſtance) a Circle of Half an 
Inch or an Inch in Diameter, with a pretty broad black 
Margin to it. Adjuſt the Teleſcope ſo as to ſhew 

the Circle as diſtinct as poſſiblez turn then the 


Screw which moves the ſmall Mirror, either to the 


Right or Left Hand, and you will ſee a regular 
dark Haze round the Circle, becoming broader and 


broader as you continue turning the Screw: Then 


if the Haze is more diſtinct, and the Edge 
. 0 


8 1 1 
of it better defined, when you turn the Screw from 
the Place of diſtinct Viſion towards the Right 
Hand, than when it is turned from diſtin& Viſion 
towards the Left Hand, the Figure of the great 
Metal is ſpherical; if the black Haze is moſt diftin& 
when the Screw is turned towards the Left Hand, it 
is Hperbolical, or beyond the Parabola; but if the 
Haze and the Edges of it are equally diſtinct on 

both Sides the true Focus or Point of diſtinct Viſion, 
which the Eye will judge moſt accurately, chen, in 
ſuch Caſe, the great Speculum has the true parabolic 
Curve required. Theſe, and the following Direc- 
tions concerning the Method to center the Mirrors, 
are ſuited to a GREGORIAN Reflector, but for a 
CASSEGRAIN Teleſcope they muſt be reverſed. 


To center the Mirrors. 


JT is of the utmoſt Conſequence to the Perfection 
of Reflecting Teſeſcopes that the Mirrors be truly 
parallel to each other, and alſo that the Centers of 
them, together with the Centers of the Eye-glaſſes 
be all in one direct Line; viz. in the Axis of the 
Tube. Indeed, unleſs theſe Particulars are attended 
to, the Inſtrument will prove defective and faulty, 
even though the Mirrors have the moſt exquiſite 
Figure poſſible given to them. That truly excellent 
Artiſt, the late ingenious Mr. James Sbort, always 
took the greateſt Care to adjuſt and center the Me- 
tals of his Teleſcopes; and, to prevent them from 
being deranged by any Accident, he always marked 
the upper Part of the great Mirror by a black Line, 
and faſtened the Screws on the Back of the ſmall 
Metal with common ſoft Solder. Mr. Mudge, = 
; | > "_oe 
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the Philoſophical Tranſactions, very juſtly adviſes 
us to turn the great Mirror in its Cell, and examine 
in what Situation it is moſt diſtinct: But he has 
ven us no Directions how. we are to place thæ 
etals parallel to each other, at the ſame time that 
their Centers are exactly in the Axis of the Tube. 
To ſupply theſe Omiſſions, I ſhall now point out 
ſuch Methods as I have always found excellent for 
thoſe Purpoſes. 555 5 


I. To adjuſt the Arm which carries the ſmall 
| Speculum. | 


Extend Two fine Threads or Wires acroſs the 
Aperture of the Tube at right Angles, ſo as to 
interſect each other exactly in the Axis of the Te- 
leſcope; before the Arm is finally faſtened to the 
Slider, place it in the Tube, and through the Eye- 

iece (without Glaſſes) the Interſection of the 
Cronires muſt be ſeen exactly in the Center of 
the Hole of the Arm. When this Exactneſs is 
obtained, let the Arm be firmly rivetted and fol. 
dered to the Slider. 8 


„II. To place the ſmall Mirror parallel to the lage 
| Speculum. 


Divide the Circumference of the Mouth- piece of 
the Tube of the Teleſcope into Four equal Parts. 
Provide a Circle of Paſteboard about One Half or 
Two Thirds of the Diameter of the Mouth of the 
Tube. Procure alſo a narrow Strip of Wood, 
whoſe Length is exactly equal to the Inſide Diame- 
ter of the Mouth of the Tube; divide it into Two 

| =. | equal 


Cal. 


equalPart, and to this Middle Point faſten the Cente 

the Paſteboard Circle by a ſmall Pin. 15 
1 this ſmall Apparatus to the Tyo 

rks made on the Mouth of the Tube; U chi 

eans the Center of the Paſteboard Circle 1 
coincide with the Center of the Tube. Care alſo 
muſt be taken that the Paſteboard Circle be in the 
ſame Plane with the Mouth of the Teleſcope, or, 
which is the ſame Thing, at right Angles to its 
Axis; which is eaſily effected by applying the 
Edge of a Ruler acroſs Ge Mouth of the Teleſcope, 
and by making any of the Diameters of the Paſte- 
board Circle touch the Edge of the Rule. Take 
now the Eye-glaſſes from * Eye · tube, and ſerew 
that Tube, without its Glaſſes, fo its proper Place; 
Direct then the Mouth of the Teleſcope towards a 
Window or the Sky, apply your Eye to the ſmall 
Hole in the Tl and obſerve whether the 
Ring of Light in the ſmall Mirror is exactly of the 
None Breadth in every Part of it, which will always 
be the Caſe when the ſmall Metal is parallel fo the 
| l Speculum ; in all other Poſitions of the 

all Speculum, the Ring of Light in it {which 
is only the reflected Image of that Part of the great 
Mirror which is not hid by the Paſteboard Circle) 
will appear of different Breadths in different Parts 
of its Circumference : Adjuſt now the ſmall Mirror 
by the Three Screws at its Back, till the 'Ring of 
Light appears, in every Part, exactly of the Ae 
uniform Breadth; and thus, by a few Trials, the 
Face of the ſmall Metal may ealüy be placed pa: 
rallel to 6: F ace of the great Speculums | 


m. 2 
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Hi. 75 place the Center of the ſmall Mitror in ile 


Axis of the Tube. 


Put the circular Paſteboard on the Mouth of the 
Tube, as before; then apply the Eye to the Eye- 
hole (the Eye-glaſſes being removed) and obſerve 
whether the outer Edge of the Ring of Light in 
| fie ſmall Mirror, when adjuſted by the preceding 

ule, is. equi-diſtant in every Part of its Circum- 
ference from the Edge of the ſmall Metal : In ſuch 
Caſe, the Center of the ſmall Mirror is coincident 


_ 
* 


ith the Axis of the Teleſcope; but if the outer 
9 DR Edge of the Ring of Light in the ſmall Speculum 


is nearer to the Edge of it in ſome Part of its Cir- 
cumference than in others, or, in other Words, if 
the dark Part ſurrounding the Ring of Light 
in the ſmall Speculum has not the ſame Breadth in 
every Part of its Cireumference, then the Center 
of the ſmall Metal is not, coincident with the Axis 
of the Tube, but muſt be raiſed higher or de- 
eſſed lower, muſt be put towards the Right 
and, or towards the Left, as ſhall appear neceſ- 
ſary. The eaſieſt Method to perform this, is to 
make the Screw, which goes through the Hole in 
the upright Stem of Braſs which carries the ſmall 
Metal, with a broad Shoulder to it, and to make 
the Hole in the Center of the Braſs Stem pretty 
large (but not ſo large as the Shoulder of the Screw) 
by which Means the ſmall Mirror may be raiſed or 
depreſſed, may be placed a little to the Right Hand, 
or towards the Left, as is found to be moſt proper, 
and may be retained in any of thoſe Poſitions by the 


three ſmall Screws ** bear againſt the Back of 
| | 3 


the 


1 


' 
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the ſmall Speculum. This and the preceding Ad- 
juſtryefit muſt be repeated by Trials, till the Ring 
of Light in the ſmall Mirror is of One uniform 
Breadth in every Part of its Circumference, and, 
at the ſame Time, the outer Edge of the Ring of 
Light is equi-diftant from the Edge of the ſmall 
Metal; for then, and then only, the Face of the 
ſmall Mirror is parallel to the Face of the great 
Speculum, and, at the ſame Time, its Center is 
coincident with the Axis of the Tube; or the 
Centers of the Eye-glaſſes, and the Centers of the 
great and ſmall Specula, are in One right Line. 
N. B. When the ſmall Mirror has been adjuſted, 
by the preceding Directions, thoſe two · Adjuſt- 
ments may be examined and rectiſied to the 
utmoſt Degree of Preciſion by the following 
Method. | | | 

Put up a Circle of Half an Inch or an Inchin Di- 
ameter, with a broad black Margin to its Cireum- 
ference, at the Diſtance of Fifty or a Hundred 
Yards from the Teleſcope. - Turn thę Screw, which 
carries the Braſs Stem and the ſmall Mirror, nearer 
to or farther from the great Speculum, and you 
will obſerve, if the Metals are centered very well, 
the Margin of the Circle will appear to become 
leſs and leſs, ſo as to form continually a leſs Circle, 
till at laſt, as you continue turning the Screw, it 
will terminate in a black Spot in the Middle of the 
true Circle (which will ſtill continue viſible) with 
a arge broad and black Haze round it, equally 
broad in every Part of it. If the black Spot ap- 
Qears on the Margin of the true Circle, and con- 
ſequently the black Haze is not equally broad round 
the true Circle, then the Mirrors are not exquiſitely 
. centered, 
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tentered, but the ſmall Metal muſt be adjuſted by 
the three ſmall Screws at the Back of it, by 
ſcrewing up, in a very ſmall Degree, the ſmall 
Screw which is diametrically oppoſite the black Spot, 

or on the other Side the Center of the Circle on 
whoſe * * the Spot appears. When the 
Metals are found to be exquiſitely centered, faſten 
the three ſmall Screws at the Back of the ſmall 
Speculum, with common ſoft Solder, to ent 
them from drawing, or giving Way. Put up 
now a Watch Paper, or any other printed Paper, 
with Letters or Figures upon it of different Dimen- 
ſions, ſome of which ſhould be very ſmall, at the 
Diſtance of at leaſt Sixty Times the focal Length 
of the great Speculum from the 8 Turn 
the large Mirror in its Cell, about the Eighth Part 
of a Revolution each Time, and obſerve in which 
of thoſe Poſitions the minute Figures or Letters 
upon the Paper are moſt diſtinct: Mark then, 
with a black Stroke, the upper Part of the Back of 
the great Speculum, and a correſponding Part upon 
the Inſide of the Braſs Tube, adjoining to the 
black Stroke on the Back of the Mirror; by which 
Means, if the great Speculum is taken out of its 
Cell at any Time, it may eaſily be replaced ex- 
actly in the ſame Poſition.— The Mirrors may alſo 
be examined by Means of any of the fixt Stars, 


* When the Metals are centered exceeding near, but not 
"accurately true, the true Margin of the Circle will appear 
too broad in ſome One Part of its Circumference; that is, 
the black Line, forming the Circumference of the true Circle, 
will not appear equally broad in every Part of it. In ſuch a 
Caſe, ſcrew up the ſmall Screw at the Back of the ſmall Spe- 
culum, which is oppoſite the Part of the Circumference of the 
Gircle which appears too black, or too broad, * 


par- 
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N by thoſe of the Firf Magnitude; fei 
f the Mirrors are truly centered and adjuſted to 
their beſt Poſition, a fixed. Star, when made in- 
diſtinct by the adjuſting Screw on the Side of the 
Tube; ſhould always appear, in Reflecting Teleſ- 
copes, as a truly round Circle of Fire with a black 
Spot exactly in its Center; and when the Teleſ- 
cope is adjuſted to diſtinct Viſion, the Star ſhould, 
appear, if the Teleſcope is excellent; and. the 
State of the Air favourable, exactly round; , and. 
totally free from all Irradiations; or falſe Rays. 
and Glare. Indeed I can aſſert, from Experience, 
that no * is ſo proper to determine the Ex- 
cellence of Teleſcopes as the fixt Stars; as the 
leaſt Irregularity in the Figure of the Metals in 
Reflecting Teleſcopes, or of the Object- glaſs in 
Acromatics, is rendered by them exceeding con- 
ſpicuous by a falſe Glare, and by. their not appear- 
ing perfectly round, The ingenious Mr, Vm. Hers 
ſebell of Bath, F. R. S. a Gentleman well known 
in the aſtronomical World, has diſcovered near 
zoo dauble and treble Stars *, many of which are 
exceeding minute ones, and which, at the ſame: 
Time that they will afford us an Opportunity to 
rove the Goodneſs of our Teleſcopes, ſhew the 
31333 of his own 4, and illuſtrate the Ob- 
ſervation of the Royal Pſalmiſt, that “ The 
« Heavens declare the Glory of God, and the Firma- 
ment ſheweth his Handy-work.” UE; 
| # See Philoſ. Tranſ. Vol. LXXII 
+ The Diameter of the great Mirror of Mr, Herſebell's longeſt 
Reflecting Teleſcope (which is of the Newronian Con- 


ſtruction) is 12 Inches, its focal Diſtance is 20 Feet, and its 
magnifying Powers, for the fixt Stars, are from zoo to 
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POSTSCRIPT, 


A S the following Table of the A 
A Powers, and 9 4 of Reſſecting T tle: 
opes, conſtructed in the Gregorian Form, by the 
late ingenious Mr. James Sbort, is very ſcarce, it 
may not be unacceptable to my Reader, if I here 


inſert it. 
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| $ yo 2 8 8 n 2 | | | 
E 252 BEL Magnifying Powers. Guin 
"= 8 E . 
j {| IERIS IDE 
{1 ] 3 | 1,11 Power of 18 Times 3 
12 4411,31 — 25—— 44 
13 711591 40 
141 91 2,512 — — & 60 8 
| 52] 72 | 3>9]2 - —$55&85 110 
| 63 12 350904 — 35» 55. 85, & 110 N. 
{7 | 18 3,8]4 — 55, 95, 130, & 200 — 20 
{8 | 24 45514 — 9O, 150, 230, & 300 — 35 | 
19 36 | 6,3]4 ——100, 200, 300, & 400— 75 
10 | 48 | 7,6|4 ——120, 260, 380, & 500-100 
ſir | 72 [12,2|4 ——200, 400, I 
I2 144 18,0 4 We e 600, 900, & 1200 


Mr. Short, in the above Table, always greatly 
over- rated the higheſt Power of his Teleſcopes. B 
Experiment they were found to magnify much le 
than expreſſed in his Paper. Mr. Short finiſhed 
e — 


* 
3 
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. [ 4) | ; 
two or three Teleſcopes of the Gregorian Form, of 
18 Inches Focus, with 4,5 Inches Aperture, and 
Power 170. He alſo made one Teleſcope, of the 
Caſſegrain Form, of 24 Inches Focus, with 6 Inches 
Aperture, and Power 355. ' But it was very in- 
diſtinct with that Power. The greateſt Magnifier 
it bore, with ſufficient Diſtinctneſs, was 231 Times. 
He alſo made ſix Teleſcopes of the ſame Focus of 
the Gregorian Form, which bore the uſual magni- 
fying Powers very well, | 


A TABLE 


4 


41 ] 1 
A TABLE of the Apettures, Powers, Se. 
of Teleſcopes of the NRwTO NIA Conſtruction, 
in which the Figure of the Great Metal is ſu 


: | 2 
poſed to be truly /pherical. 
Foc, Diſt. Aperture ' Foc, Diftance 
of of | Sir Ifaac of Magnify. 
Coneave | Concave | Newton's | Single Eye- ing 
Metal. Metal, | Numbers. Glaſs, Power. 
Feet. | Inc. Dec. | Inch, Dec. 
ig 0,86 100 0,167 | 36 
I 1,44 168 o, 199 60 
2 2,45 283 0,236 102 
33,31 | 383 042601 | 138 
4 4,10 476 0,281 171 
5 4,85 562 0,297 202 
6 $457 645 0,311 | 232 
2 | 24 0,323 260 
6,89 800 0,334 287 
9 754 0, 344 314 
10 16 946 0,353 349 


Lai 

As Teleſcopes of Sir Iſaac Newton's Conſtruc- 
tion are now found (particularly by the late exqui- 
| ſite Obſervations of Mr. Her/chell of Bath) to per- 
form moſt excellently in the Minutiæ of Aſtronomy, 
eſpecially if ſmall Apertures and long Foci are 
made Uſe of, I have added the foregoing Table, 

chiefly taken from Dr. Smith's Optics, vol. 1. p. 148, 
and have, continued it on from 17 to 24 Feet fe 
Diſtance of the great Mirror, I have 44 annexed 
to it Sir Iſaac Newton's Numbers, by means of 
which the Apertures of Reflecting Teleſcopes, of 
any Conſtruction, may be eaſily computed. See 
Appendix to Gregory's Optics, p. 229, or Philoſo- 
phical Tranſactions, N' 81. 

It may be neceſſary to mention, that the preced- 
ing Table was conſtructed by uſing the Dimenſions 
4 the Middle Aperture and Power of Mr. 
Hadley's excellent Newtonian Teleſcope as a Stan- 
dard; viz. Focal Diſtance of great Mirror 624 
Inches — Aperture of Concave Metal 5 Inches, 
and Power 208 Times. Mr. Herſchell chiefly 
makes Uſe of a Newtonian Reflector, the focal 
Diſtance of whoſe great Mirror is 7 Feet, its A- 
perture 6,25 Inches, and Powers 227 and 460 

Times, though ſometimes he uſes a Power of 6450 
for the fixt Stars. : . 

Note, If the Metals of a Newtonian Teleſ- 
cope are worked as exquiſitely as thoſe in Mr. 
Her ſchell's Seven Feet Reflector, the higheſt 
Power that ſuch a Teleſcope ſhould bear, 
with perfect Diſtinctneſs, will be given by 
multiplying the Diameter of the great Spe- 
culum by 74; and the focal Diſtance of the 
ſingle Eye- glaſs may be found by dividing _ 

| toca 
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focal Diſtance of the great Mirror by the 

magnifying Power: Thus, 6,25 * 74464 

the Mag. Power; and — == 0,282 of an 
Inch, the foc. Diſt. of the ſingle Eye-glaſs 

_requued, a | 


To grind and palifh the ſmall Speculini of « Newro- 
| 4 Nan Teleſcope truly flat. 


* may perhaps be neceſſary to inform thoſe who 
- would wiſh to finiſh Teleſcopes of the Newto- 
nian Form, that the ſmall elliptical plane Mirror may 
be ground truly fat by making Uſe of Two or more 
Tools confiderably larger than the Speculum in- 
tended to be finiſned upon them, after it is brought 
as near the Figure as can be done upon a ſmall 
Tool of Lead with fine Emery. The Tools, or 
Beds of Hones, ſhould be no leſs than Six Inches in 
Diameter. The Figure of the Tools is not allowed 
to be completed, till the Speculum can be firſt highly 
finiſned upon One of them, and afterwards be 
applied to another without receiving any Change. 
The laſt Half Dozen Strokes ſhould be in the Di- 
rection of the longer Axis of the Ellipſis. When 
this is perfected, it muſt be poliſhed upon the Pitch 
Poliſher of a circular Form, whoſe Diameter is 
about One-tenth Part greater than the tranſverſe 
Axis of the Speculum. For this Method of figur- 
ing the ſmall Speculum truly at, I am obliged to 
that excellent Aſtronomer Mr. Herſcbell of Bath. 
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To find, by Experiment, the magnifying Power of any 
ANY Methods have been contrived to deter- 


Teleſcope. 

M mine experimentally the magnifying Power of 
any Teleſcope. That excellent Artiſt Mr. Ramſ- 
den ſnewed me, ſome time ago, a ſmall Inſtrument, 
of his own Invention, to meaſure the Diameter of 
the emergent Pencil of Rays, at the Eye-hole, to 
the utmoſt Degree of Preciſion. By dividing the 
Diameter of the great Mirror in a Reflecting Teleſ- 
cope, or the Diameter of the Object-glaſs in a 
Refractor, by the Diameter of the emergent Pencil 
of Rays, determined by that Inſtrument, the mag- 
nifying Power will then be given. But as that In- 
ſtrument, conſtructed chiefly upon the Principle of 

Mr. Dollond's Object-glaſs Micrometer, is ſome- 
what * expenſive, and therefore may not be found 
in the Hands of every One who is poſſeſſed of a 
Teleſcope ;. I ſhall lay down a plain and eaſy Me- 
thod by which I could always diſcover the Powers 
of my Teleſcopes very readily and with ſufficient 
Accuracy. PTB OB ohhgsy oP 
At the Diſtance of One or Two hundred Yards 
from the Teleſcope put up a ſmall Circle of Paper 
of any determined Diameter, an Inch for Inſtance : - 
Upon a Card, or any Piece of ſtrong. Paper, 


+ 


* Mr. Ramſden informed me that the Price of One of his 
ſmall Inſtruments to determine the Power of any Teleſcope 
would be about Three Guineas, Whether any other Optician 
makes theſe Inſtruments, as invented by Mr. Ram/den, I can- 
not tell, having never ſeen any other than that which Mr. 
Kass hewed te m. 8 
: ' \ $ 


through 
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through which the Light cannot be eaſily tranſmitted, 
draw T wo black parallel Lines, whoſe Diſtance from 
each other is exactly equal to the Diameter of the 
ſmall Circle. Adjuſt the T eleſcope to diſtinct vi- 
ſion, and through it view the aforeſaid ſmall Circle 
with One Eye, and with the other Eye, open alſc 
view at the ſame time the Two parallel Lines. Le 
the parallel Lines be then moved nearer to or fur- 
ther from your Eye, till you ſee them appear ex- 
actly to cover the ſmall Circle viewed in the Te- 
leſcope. Meaſure now the Diſtance of the. ſmall 
Circle, and alſo of the parallel Lines, from your 
Eye. Divide then the Diſtance of the former by 
that of the latter, and you will have the magnify- 
ing Power of the Teleſcope required. 

Two other Methods to determine, by Experiment, 
the Power of any Teleſcope are given in Dr. 
Smith's Optics, in the Notes upon Art. 109 and 
43% 
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* To determine the Size and Place of the Eye-bole in i 
4 fingle or compound Eye piece of a Reflecting Te- 
leſcope. 


II is abſolutely neceſſary for perfect Viſion that the 
Eye ſhould be applied to a ſmall Hole of a cer- 
tain Dimenſion placed exactly in the Focus of the 
fingle Eye-glaſs, if the Eye - piece conſiſts of + One 
Glaſs only, or elſe in the compound Focus of the 
_ Glaſſes, if it is conſtructed with Two, as is moſt com- 
monly practiſed. If the ſmall Eye- hole is not ex- 
actly in the proper Place and alſo of the true Size, 
the Teleſcope will prove faulty, as it will always 
either take in foreign Light, and by that Means the 
Object will appear very indiſtinct, or elſe it will 
cut off many of the Rays which ſhould come to the 
Eye, and then the Object will not appear ſo vivid 
as it ought to do. To rectify therefore its Size and 
Place let the following Rules be obſerve. 
Let the Diſtance of the Eye-hole from the Eye- 
glaſs, if it is a ſingle One, be put, as near as can 
be attained by Meaſure, equal to the focal Diſtance 
of the Eye- glaſs; but if it is a compound Eye-glaſs, 


* Theſe Directions might have been inſerted, perhaps with 
more Uniformity, immediately after the Directions for the - 
Eye-glaſſes of Reflecting Teleſcopes, p. 30; but as this Treatiſe 
is already ſet and cocreRed to this Place, I am neceſſitated to 
inſert it here, ES Ee 

+ Some Aſtronomers prefer an Eye-piece of One double 
convex Glaſs only for the higher Powers of their Teleſcopes, 
as it will tranſmit more Light than can paſs through Two 

; Glaſſes. —In Mr. Herſcbell's Tele ſeopes of the Newtonian 
Form, the Eye-pieces for the greateſt Powers conſiſt only of 

One ſmall double convex Glaſs. ; 
- ' the 


191 
the Diſtance of the Eye- hole from the Glaſs neareſt 
the Eye may be found thus: Multiply the Dif- 
ference between the focal Diſtance of the Glaſs next 
to the Mirror and the Diſtance of the Two Eye- 
glaſſes by the focal Diſtance of the Glaſs neareſt to 
the Eye, and divide this Product by the Sum of the 
focal Diſtances of the Two Glaſſes leſſened by their 
Diſtance, and you will have the compound focal 
Diſtance required. Example. If the focal Dif- 
tance of the Glaſs neareſt to the Mirror is 3 Inches, 
the focal Diſtance of the Glaſs neareſt the Eye is 
1 Inch, and their Diſtance from each other is 2 
Inches, then the compound focal Diſtance from the 


Eye-glaſs will be 3 - = + an Inch. 


1 

The Diameter of the Eye-hole may alſo be de- 
termined by dividing the Diameter of the great 
Speculum by the magnifying Power of the Teleſ- 
cope. Thus, if the Aperture of the Teleſcope is 
4 Inches and Power 1 50, the Diameter of the Eye- 
hole will be 0,027 of an Inch nearly, or +4; = 
©0,02666, &c, _ 1 8 | 

Having now found the Place and Size of the 
Eye-hole by Calculation nearly, the true Place and 
Size muſt be determined accurately by Experiment, 
ſince our Meaſures of the Foci, Diſtances, &c. of 
the Glaſſes cannot be found with ſufficient Ac- 
curacy. | 

With a ſmall convex Glaſs of an Inch or an Inch 
and Half focal Diſtance view the Picture of the large 
Mirror in the Eye-hole ; hold the convex Glaſs as 
ſteady as you can in one Hand, and move your 
Eye upwards or downwards, towards the Right 
Hand or towards the Left; then if the Picture of 


the 


* 


J | 
the large Metal in the Eye-hole has a Motion iti 
the ſame Direction with the Eye, the Focus of the 
Eye-glaſs, whether ſingle or compound, is betweerr 
the Eye-hole and the Eye-glaſs ; but if the Pic- 
ture of the great Speculum in the Eye-hole appears 
to move contrary to the Motion of the Eye; then 
the true Focus is between the Eye and the Eye-hole. 
In the former Caſe the Eye-hole muſt be brought 
wearer to the Eye-glaſs, in the latter Caſe it muſt 

be removed farther from it, till you perceive the 
Picture of the great Mirror become Stationary, or 
without any Motion, in whatever Direction the 
Eye is moved; for then and then only the Eye- 
hole is moſt accurately in the Focus of the ſingle or 
compound Eye-glaſs. 

The Diameter of the Eye-hole may alſo be deter- 

mined exactly by viewing, with the ſmall convex 

Glaſs held in the Hand, as in the preceding Opera- 
tion, the exact Size of the Picture of the great 
Metal in the Place of the Eye-hole, determined 

accurately by the foregoing Direction. If the Area 
of the Eye-hole appears a ſmall Degree larger than 
the Area of the emergent Pencil of Rays, or the 
Picture of the great Speculum, then it is ſufficiently 
large to tranſmit all the Rays of Light which come 
from the great Metal. Bur if the Area of the Eye- 
hole is found to be leſs than the Area of the Picture 
of the great Speculum, the Eye-hole muſt be en- * 
larged till its Diameter ſhall be found equal to, or 
rather a little larger than the Diameter of the 
emergent Pencil of Rays, 


THE END. 
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PARTICULARLY AFFECTING 
REFLECTING TELESCOPES. 
wins aan 
REFRACTING ONES. 
BY 
Taz RED JOHN EDWARDS, B. A. 

' Contained in the ExTRacts of Two Letters 
FROM HIM TO 


NEVIL MASKELYNE, D. D. and Aſtronomer Royal. 


WITH REMARKS ON THE SAME SUBJECT 
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An ACCOUNT of the Cauſe and Cure of 
the Tremors peculiarly affecting Reflefting 
Teleſcopes more than Refracting ones. By the 
Revd Joun EDwarDs; contained in the 
Extracts of Tuo Letters from him to NRvII. 
 MASK&ELYNE, D. D. and Afronomer Royal. 
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Ludlow, Feb. 26th, 1782. 


HAVE the Pleaſure to inform you, that I have 
made One Diſcovery of no ſmall Moment to 

Reflecting Teleſcopes, and which cannot fail of 
bringing them again into your govd Opinion, and 
of reſtoring them again as preferable to Achroma- 
tics for aſtronomical Purpoſes. I am ſure what- 
ever Diſcoveries are to be made in the Heavens we 
mult, be obliged to Reflectors for them, as we can 

ive them what Aperture we pleaſe. In ſhort, Sir, 
k have diſcovered the true Cauſe of the Tremors in 
Reflectors, and can and have cured them in my 
own Teleſcope. This is not imaginary. I do not 
. deceive myſelf, as I have already ſhewn the Dif- 
ference to a Gentleman of this Place. I can make 
them ſhew Objects to tremble or remain ſteady, as ' 
I pleaſe, I now ſee the great Difference, and the 
Advantage of curing thele Tremors. 
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| als, Nod. Cid, . 

N Wee do the Cauſe of Tremors in Reflecting 
Teleſcopes, I have not made a great many Ex- 
riments upon them; though what I have made 

feem to ſhew me the true Cauſe of them; vis. iſt. to 
the Springs at the Back of the great Speculum, which 
are every Moment varying their Elaſticity, and there- 
fore do not preſs the Metal equally at all Parts of 
it 3 nor indeed does the Preſſure continue the ſame 
at the ſame Place for a few Seconds. This is One 
Cauſe. 2dly, Another Cauſe, I think, is the Eye- 
hole of Reflecting Teleſcopes ; ſince, as the emer- 
gent Pencil of Rays comes through ſo ſmall a Hole, 
the leaft Motion of the Eye ſide· ways, or upwards, 
or downwards, will cauſe the Objects to dance or 
tremble *. This latter Part of the Error may be 
eaſily cured in a Newtonian Reflector by taking 
away the ſmall Eye-hole intirely, which will be no 
Deiriment in the Night- time, as no Light from the 
| oy can fall immediately on the Eye-glaſs. In the 


51 


i In a fublequent; Letter Mr. Edeoards, very properly, at- 


tributes the Detriment ariſing from the Eye-hole to the In- 


flexion of Light; the Effects of which ſeem to have been 
firſt obſerved by Grimaldo, but which were afterwards exa- 
mined farther by very nice Experiments by Sir 1/aac Newton, 
and ſhewn by him to ariſe, not from the ordinary Refraction 
of the Air (as had been ſuppoſed by ſome) but rather (as at- 
tributed in his Queries) to a real Repulſion ſubſiſting between 
the Rays of Light and Bodies which they approach near to. 
In Fact the bad Effect of the Eye hole in E g In- 
diſtinctneſs at leaſt, if not Tremors, is very ſenſible, although 
the Eye be kept as fleady and free en an; tranſverſe Mo- 
von as 3 N. M. 
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 Greporian Conſtruction the Eye- hole cannot be ſo 
eaſily removed, even in the Night, except it is very 
dark, as the circumambient Sky-light will fall im- 
mediately on the Eye-glaſſes. If you will take 
away the Springs at the Back of the Metal, and 
put the Metal to ſtand (for a Trial only) on Two 
imall Bits of Card placed in this Poſition, _ 


where à is the: Top of the Metal, 5 the a 
Bottom, c and d, the Two Pieces of 
Card; if you take Care to wedge it in 2 
its Cell juſt ſo tight with the Bits of Card 7 
as to prevent the Metal from falling down 
or backwards, I think you will not find any Tre- 
mors then appear in the Teleſcope, if you will 
_ try it againſt an Achromatic at the ſame time. The 
above Method is only to ſhew that the Springs at 
the Back are the chief Cauſe of thoſe Tremors; at 
leaſt they have always appeared ſo to my Eyes. 1 
remember once, when the Objects had pou Tre- 
mors, 1 took off the Springs and faſtened the 
Metal gently in with Two Bits of Card, and I could 
not then pereeive the leaſt Tremors. I replaced 
the Springs; the Tremors returned as bad as ever. 
I then took them away as before, and could ſee no 
Tremors. A Gentleman of Ludlom preſent with 
me ſaw the ſame, and declared that the Springs 
were the immediate Cauſe of the Tremors; though 
if the Eye was moved much at right Angles to the 
Axis of the Pencil of Rays, we could ſtill perceive 
ſome Tremors owing to the Eye-hole. I much 
diſlike the conſtant Practice of putting the Metals 
to bear their whole Weight on their lower Point as 
at b, as the Weight of the Metal reſting on that 
Point bends the Metal in a ſmall Degree, and 
| hurts 
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hurts the Figure. This may appear ſtrange; but 
indeed I can at any time totally ſpoil the Figure of 

a Metal by wedging it in only with the Thickneſs 

of a Bit of common Writing-paper. Dr. Smyth 

ſays One- thouſandth of an Inch will ſpoil its Figure. 

Jam ſure alſo that that Quantity, 1 leſs, will 

injure it. If the Metal was made to Teſt at Two 

Points, viz. c, d, each of which is 45 from þ, and 
o from each other, I think the Figure would not 

Hate at all. M do not ſee that the Thickneſs 
of the Metal is of any Service to prevent this ſmall 
Degree of Bending, for I never yet ſaw a large 
| Metal whoſe Figure I could not ſpoil with an ex- 
ceeding ſmall Preſſure at its Back. Nor do I ap- 
prove of Three Screws at the Back to bear againſt 
the Metal, as I altered my own ſmall Teleſcope to 
that Plan, and I never could make the Screws bear 
equally alike, but they would bear harder againſt 
one Place than another, and ſo ſpoil the Figure, I 
think they had beſt be faſtened by Three ſmall 
Screws paſſing through the Tube, perpendicular to 
the Axis, and of ſuch a Thickneſs as for their Sides 
to touch the Back of the I. Iirror barely without any 
Shake. By removing the Braſs back (viz. the Braſs 
into which the Eye - piece is ſcrewed) you may ſee the 
Screws beare ſide-ways againſt the Mirror in Three 
Places, and may file away the Sides of the Screws, 
ſo as to make them juſt touch the Mirror, but not 
much more. | | 
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Addition to the Directions concerning the Compoſition of 
the, Metals of Reflecting Teleſcopes. 


N making the Compoſition of the Metal it j 
better to proceed thus than according to the M 
thod 1 have laid down in my Paper, as I have ſince 
experienced in ſome Metals I have made, Make 
the brilliant Compoſition firſt of Copper and Tin. 
Melt the proportional Quantity of Silver and Braſs 
in a ſmall Crucible by itſelf, When you put the bril- 
liant.Compobtion the Second time into the Crucible, 
add alſo the Lump of Braſs and Silver melted to- 
gether before in a ſeparate Crucible; and when the 
whole is now fluid, add the proportional Quantity 
of Arſenic, and then pour it of into the Flaſks, 
after the Scoria is taken off, and a little powdered 
Roſin is thrown into it. In other Words, it is better 
not to add the Braſs to the melted Copper in the 
Firſt Melting, as the Heat of the Copper calcines 
the Lapis Calaminaris in the Braſs, which renders 
the Metal not ſo good as if the Braſs and Silver were 
melted together (as Silver melts with a Jeſs Heat 
than Braſs) and then added to the Metal in the Se- 
cond Melting. As Copper requires a much greater 
Heat to melt it than Braſs, it gives too great a 
Heat to the Braſs when it is added to it, which by 
calcining the Lapis Calaminaris in the Braſs will 
ſometimes cauſe the Metal to be in a ſmall Degree 
porous. By purſuing the above Method it will 
never be porous in the leaſt Degree. We are not 
to imagine it porous becauſe it breaks up with the 
Emery. It will always break up with the fineſt 
Emery ; but theſe Break-ups are taken out by the 
Bed of Hones or Stones, If the CS 
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Hones are uſed, but little Water muſt be uſed at a 
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Of -the Fuel uſed in caſting the Metal. 

HAVE uſed all Kinds of Fuel in caſting the 
1 Metal; viz. Coal-coak, and Wood-charcoal; 
but the beſt by far, and which I almoſt always 
uſed, is Coak. It is common Coal charred, and 
gives a fine and conſtant Heat; it is to be had 
at all Malſters, as they dry their Malt with it. This 
is the Material they always uſe to caſt with at Bi#- 
mingbam and Wolverhampton. Common Coal ſmokes 
fo much that you. cannot ſee into the Crucible, and 
is a very naſty Material. The Coak caſts no Smoks 
at all. I have ſometimes, but very ſeldom, uſed 
Wood- charcoal; but it is very dear, beſides it dots 
not do near ſo well as the Coak, as the Draught cf 
an Air: furnace is ſo great it burns it out imme- 
diately, fo that you might almoſt as ſoon endeavour 
to melt the Metal with Paper thrown into the Fur- 
nace. : 3 . | 2 
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REMARKS on the Tremors peculiarly affecting Reflect. 
ing Teleſcopes more than Refracting ones, By NeviL 


ASKELYNE, D. D. and Aſtronomer Royal. 


IN the continual Courſe of my Obſervations at 
| the Royal Obſervatory I have almoſt conſtantly 
found the Two Reflecting Teleſcopes, a Gregorian 
of Two Feet, and a Newtonian of Six Feet, both 
made by the late Mr. Short, to ſhew the celeſtial Ob- 
jects indiſtinct and affected with Tremors, when at 
the ſame time the Forty- ſix Inch treble Objecd- glaſs 
Achromatic ſhewed them much freer or intirely 
free from-them ; and for the moſt Part more di- 
ſtin& and better than even the Six Feet Reflector 
did; tho One ſhould ſuppoſe the latter, from 
its Length and Aperture, ought to be a much more 
werful Teleſcope than the former. The ſame 
ifference between the Effe&t of Reflectors and Re- 
fraftors I found alſo in viewing Land-ohjetts z 
having often ſeen them perfectly ſteady for Hours 
together thro' the Achromatic Teleſcope, and at 
the ſame time in continual Tremors thro' the 
Reflectors. Remarkable as this Difference is be- 
tween the Effects of Reflecting and Refracting Te- 
leſcopes, I do not know that it has been hitherto 
noticed by Aſtronomers; I was led to it from 
conſtantly comparing the Achromatic and one 
of the Reflectors together immediately after 
Obſervations of Jupiter's Satellites or Occultations 
of Stars by the Moon, or any other Obſerva- 
tions had been made at the ſame time by myſelf 
with one of the Teleſcopes and by my Aſſiſtant with 
the other. But I found the Detriment which the 
Tremors produce in the Effect of Reflecting Teleſ- 
copes to be ſo great, that, unleſs they could be re- 
moved, I had long — Reflecting Teleſ- 


copes 


3 | 

© Eopes as Inſtruments that ought to be baniſhed 
from aſtronomical Uſes, as being much inferior in 
their s to Achromatic Teleſcopes of much 
fmaller Apertures. I wiſhed however that the 
Cauſe of this ſtrange Phenomenon in Reflecti 
Teleſcopes might, if poſſible, be diſcovered, — 
thence a Means * be found of removing an 
Error ſo fatal to their Improvement, and conſe- 
quently to that of Aſtronomy. Mr. Edward having 
been long employed in the Improvement of Re- 
fefting Teleſcopes, I ſome Years ago propoſed to 
him this Subject of the Tremors of Reflecting Te- 
leſcopes as a Problem for his Conſideration, to try 
if he could reſolve it; which he has at length 
happily done, to the great Improvement of Re- 
flecting Teleſcopes, and Benefit of Aſtronomy; as 
is explained in the foregoing Account of it ex- 
tracted from his Letters addreſſed to myſelf. I have 
only to add, that upon removing the Springs from 
the Back of the great Speculum of my Six Feet 
Reflector, and ſteadying the Metal by Screws in- 
ſtead, I found the Tremors of the Object im- 
mediately removed, and the Object to appear in- 
comparably better than it did before. I alſo 
found that by removing the Eye-hole, which 
is not at all neceſſary either for celeſtial or terreſ- 
trial Objects in a Newtonian Reflector, that the Ap- 
pearance of the Object was ſtill very ſenſibly im- 
proved, tho' not near ſo much as it was before by 
taking away the Springs. In ſhort, by theſe Two 
eaſy Alterations, the Six Feet Reflector was ſo much 
improved as to ſhew the Object (a printed Paper) 
. ſenſibly better and more diſtin& than the Forty- ſix 
Inch Teleſcope, which before had greatly the Ad- 
vantage of the Reflector. 4 
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Some time previous to my trying the Advantage 
ariſing from removing the Springs, I had hit upon 
an extraordinary Experiment, which greatly im- 
proved the Performance of the Six Feet Reflector, 
even as much as the Removal of the Springs did 
afterwards. As a like Management may improve 
many other Teleſcopes, I ſhall here relate it. I re- 
moved the great Speculum from the Poſition it 
ought to hold perpendicular to the Axis of the 
Tube, when the Teleſcope is ſaid to be rightly ad- 
juſted, to one a little . inclined to the ſame ; and 
found a certain Inclination, of about 2 (as 1 
found by the Alteration of the Appearance of Ob- 
jects in the Finder, one of Dollond's beſt Night- 

laſſes with a Field of 6% which cauſed the 

eleſcope to ſhew the Object, a printed Paper, 
incomparably better than before; inſomuch that I 
could read many of the Words, which before I 
could make nothing at all of. It is plain there- 
fore that this Teleſcope ſhews beſt with a cer- 
tain oblique Pencil of Rays. Probably it will be 
found that this Circumſtance is by no means pecu- 
liar to this Teleſcope *. | 55 

Conſulting N® 376, in Vol. XXXII. of the 
Philoſophical Tranſactions, I ſee that Mr. Hadley, 
to whom the World is ſo much indebted for exe- 
cuting both Sorts of Reflecting Teleſcopes, and in- 
troducing them into common Uſe, as well as for 


the Quadrant that goes by his Name, ſupported the 


When the great Speculum is thus inclined, the little Spe- 
culum muſt be placed out of the Center of the Tube towards 
one Side, in order to receive the Rays of the oblique Pencil 
which come down the Axis of the Tube; and then none of 
the Light will be ſtopped by the Sides of the Tube, nor more 


Light intercepted by the little Speculum than in the common 
Poũtion of it. EY 
great 


great Speculum of his Teleſcope at the Back, not 
by Springs, but by Three Screws directly anſwer- 
ing to Three Bearing on the Fore- part. Mr. Hadley, 
however, unfortunately directs the applying of a 
Plate, with a little Hole in the Middle before the 
Eye-glaſs towards the Eye, to let no Light paſs to 
the Eye from the Inſide of the Tube but what 
comes from the oval plane Speculum. , 
What a Pity it is that Mr. Short, an able Artiſt, 
who firſt found out the Means of enlarging the 
Apertures of theſe Inſtruments conſiderably, by 
wing his great Speculums a parabolic Figure, 
ſhould, by an unfortunate Miſtake of applying 
Springs to ſupport his great Speculums, ręduce the 
Excellence of 1s Teleſcopes to a Degree probably 
below that of Mr, adley's, who brought theſs 
Teleſcopes into common Uſe in the Year 1723. 
J have but too much Reaſon to believe, that all 
Mr. Sbort's Teleſcopes were conſtructed in this im- 
proper Manner. This may ſerve as a freſh Inſtance 
of the Soundneſs of the Royal Society's Motto, 
Nullius in Verba. | 24 
Mr. HerſchelPs Teleſcopes, which ſhew very mi- 
nute double Stars, that other Teleſcopes, hitherto 
reputed good ones, will not reach (of which I am 
myſelf a Witneſs) and are probably ſuperior to any 
Teleſcopes made before, are unencumbered with 
Springs and ſmall Eye-holes. He tells me that he 
found Springs could not be applied to great Spe- 
culums that were above Five Inches Diameter with- 
out great Inconvenience; becauſe if they were not 
made very ſtiff they would yield to the Weight of 
the Speculum in high Altitudes, and fo alter the 
Adjuſtment ; and if they were made very ſtiff they 
ſpoilt the Figure of the Speculum. 
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late Mr. Lyons: And to the NAUTICAL ALMANAC of 
1773 is added, A new Table of Equations to equal Alti- 
tudes, by Mr. William Wales, F. R. S. alſo, A ue 
of the Places of 387 Fix'd Stars, inRight Aſcenſion, De- 
clination, Longitude, and Latitude, adapted to the Year 
1760, with their Magnitudes and annual Variations in 
Right Aſcenſion and Declination, calculated from the 
late Dr. Bradley's Obſervations : And to the NauTi- - 
CAL ALMANAC of 1774 are added, The Reſult of a 
Series of 10 Years Lunar Obſervations of Dr. Bradley, 
compared with a Set of manuſcript Tables ; Elements 
of Lunar Tables and Remarks on the Hadley's Quadrant, 
by the Aſtronomer Royal; a Problem for finding the 
Error in the Poſition of a Tranſit Teleſcope, and Two 
Examples of the Calculation of the Longitude from a 
Lunar Obſervation, &c. by the late Mr. Lyons : And to 
the NauTICAL ALMANAC of 1778 are added, Right 
Aſcenſions and Zenith Diſtances of the Moon deduced 
from Dr. Bradley's Obſervations; and Aſtronomical 
Problems by the late Mr. Lyons: And to the NAUTICAL 
ALMANAC of 1779 are added, New Tables for com- 
puting the Eclipſes of Jupiter's Second Satellite, by 
Mr. Vargentin, F.R.S. And to the NAurIc AL AL- 
MANAC of 1781 are added, Aſtronomical Problems. 
By the Rev'd John Edwards, B. A. And to the NA u- 
TICAL ALMANAC of 1787 is added a Treatiſe, con- 
taining Directions for making the beſt Compoſition for 
the Metals of Reflecting Teleſcopes ; and the Method 
of caſting, grinding, poliſhing, and giving them the 
true parabolic Figure; and an Account of the Cauſe 
and Cure of the "Tremors peculiarly affecting Reflecting 
Teleſcopes more than Refracting ones. By the Rev'd 
Jobn Edwards, B. A. And Remarks on the ſaid Tre- 
mors by the Aſtronomer Royal. SIM 
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Erratum in the Nautical ALuanac of 1784. 


In the Title of the Equation of Time for September, for 
Add read Subſtract. 


